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Increased Room for 


Ware Longer Life 


These Two Features of 


NORTON KILN FURNITURE 


Contribute to Lower Operating Costs 


ATTS, Setter Tile, Saggers, Supports and Car Tops are available, made of 

either Alundum or Crystolon refractory materials. Choice between the 
materials is dependent upon the operating conditions involved but in either case 
they possess the four necessary qualities: 


1. Resistance to spalling 3. Adequate strength under load 
2. Freedom from warpage 4. Uniform dimensions 


Because of its strength Norton Kiln Furniture has reduced bulk, thus saving 
valuable kiln space for ware. 


If you are operating either periodic or tunnel kilns it will pay you to use Norton 
Kiln Furniture. 


NORTON COMPANY 


Worcester, Mass. 
NEW YORK CHICAGO CLEVELAND 
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a. Bulletin of the 


DUST MIXING of pottery bodies is attracting more attention 
all the time. . and as we have the PROPER CLEAN CLAYS 


CORRECTLY AIRFLOATED for this work, we recommend 


ourselves to you for service and samples. . 


EDGAR PLASTIC KAOLIN CO. EDGAR BROTHERS CO. 
Home Office—Metuchen, N. J. New York Office—50 Church St. 


Mines in Georgia and Florida 


OFFICIAL 
& DFC No. 100 TEST KILN 
| AMERICAN CERAMIC SOCIETY 
High temperatures quickly and safely 
EMBLEM 


Ideal for experimental and development work. 


t 10 K. Solid Gold—$6.50 
20 Year Gold Filled—$3.25 


Order directly from the 


DENVER Fi FIRE CLAY 


ANY 
TEXAS AMERICAN CERAMIC SOCIETY 
Dre 2525 N. High St., Columbus, Ohio 


DENVER, COLO., U.S. A. 
Be sure to enclose check or money order for full amount 
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She Lancaster. Mirang Syslem... 


ITS VALUE TO THE CERAMIC INDUSTRY 


Electrical Porcelains, Insulators, Floor and Wall Tiles, Soft and Stiff Plastic Ce- 
ramic Bodies, Body Stains, Glazes, and other Ceramic Materials can all be prepared 
with the utmost efficiency in the “Lancaster” Mixer. 


1. Production costs greatly 


reduced. 

2. Uniform dispersion of each 
ingredient. 

3. Close control of moisture 
content. 

4. Reduces mixing time from 
hours to minutes. 

5. Cuts power costs 50% to 

6. Wider range of plasticity 
without weathering or 
storing. 

7. No segregation of any com- 
ponents. 


8. Cleaning time reduced 90%. 

9. No contamination between 
different bodies. 

10. Eliminates losses due to de- 
fects. 

ll. Better finished product. 

12. Closed type units provide 
dust control and com- 
fortable working condi- 
tions. 

13. Negligible wear on mixing 
pan and tools. 


Note the uniform strength of all details in the small white porcelain 


body and the uniform dispersement of less than one-half of one per- 14. Eliminates considerable 
cent of Cobalt Stain in the larger colored porcelain body: ‘‘Lancaster”’ equipment required with 
Mixers are indispensable in the Ceramic Industry. the wet process. 
15. Eliminates tons of material 
Send for a copy of our new Bulletin in process. 
70-B—1938 Edition, just off the press. 16. Conserves valuable floor 
space. 


Clay Cleaners —Granulat 

Mold Sanders—Sand Dr 

Brick Barrows and Brick 

Maple Molds for Building Brick 

Martin-Lancaster Steam Pipe I 

The Lancaster Scientific nt Rap: | 70-E 


Learn all you can about your product ...take an active interest in your Trade Association 


i 
BRICK MACHINERY AND MIXER DEPARTMENT | JAMES P. MARTIN, Manager 
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Discriminating users 
of ceramic colors 
will ally themselves 
with a progressive 
source of supply. 


Vitro offers the ad- 
vantages of intel- 
ligently directed 
research and a 
highly efficient 
organization. 


VITRO 


CORLISS STATION — PITTSBURGH, PA. 
II || 16 California St. San Francisco, Cal. 


BETHLEHEM PRODUCTS 


for the Ceramic Industry 
88-80 CASTINGS 


to save maintenance on grinding equipment 


BETHLEHEM ABRASIVE-RESISTING 
PLATES 


for chutes, hoppers, dump-car bottoms 


BETHLEHEM TOOL STEEL 
for dry press and repress liners 


BETH-CU-LOY SHEETS 
for long lasting roofing and siding 


Also—Light Rails, Steel Ties and 
Track Equipment; 


Steel Bars and Kiln Bands; Boiler Tubes 


BETHLEHEM STEEL COMPANY 
General Offices Bethlehem, Pa. 


District Offices: Albany, Atlanta, Baltimore, Boston, Bridgeport, Buffalo, 
Chicago, Cincinnati, Cleveland, Columbus, Dallas, Detroit, Hartford, Hono- 
lulu, Houston, Indianapolis, Johnstown, Pa., Kansas City, Los Angeles, 
Milwaukee, Nashville, New York, Philadelphia, Pittsburgh, Pcrtland, Ore., 
Salt Lake City, San Antonio, San Francisco, St. Louis, St. Paul, Seattle, 
Syracuse, Toledo, Tulsa, Washington, Wilkes-Barre, York. 
Export Distributor: Bethlehem Steel Export Corporation, New York 
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Another Installation of Kellogg Batts 
Increased Production—Lowered Costs 


More Resistant to Thermal Shock 


ELECTRO REFRACTORIES 
AND ALLOYS CORP. 


Main Office and Works Buffalo, N. Y. 


BA 


For Satisfaction in Production 


“CERAMIC” 


COLORS 
FOR ENAMELS:—Colors and Oxides; Smelter Oxides; Graining, Printing, Banding, 


and Screening Colors. 


FOR POTTERY:—Glaze and Body Stains; Underglaze and Overglaze Colors for Banding, 
Spraying, and Screening; Fritted Glazes and Fluxes. 
FOR GLASS:—Enamels; Vitrifiable Colors for Banding, Spraying, and Screening; 


Printing Colors; Fluxes; Batch Colors. 


DECORATING SUPPLIES:—Printing Tissue; Screening Oils, French Fat Oil, Oil of 
Copaiba, Balsam Fir, Damar Varnish; Brushes; Knives and Spatulas; Grinding Mills. 


CHEMICALS 


Chrome Oxide, Green 
Clay, Vallendar 
Cobalt Oxide, Black 


Aluminum Hydrate 
Ammonium Carbonate 
Antimony Oxide 


Antimony, Black Needle Cobalt Sulphate 
Barium Carbonate Copper Oxides 
Barium Chromate Iron Chromate 

Bone Ash Iron Oxides 

Cadmium Carbonate Kryolith 

Cadmium Oxide Lead Chromate 
Cadmium Sulphide Magnesium Carbonate 
Calcspar Manganese Dioxide 


“CERAMIC” 


CERAMIC COLOR & CHEMICAL 


Sodium Antimonate 
Sodium Bichromate 
Sodium Silicate 


Nickel Oxide, Black 
Nickel Oxide, Gray 
Nickel Sulphate 
Potassium Bichromate Sodium Silico Fluoride 
Potassium Nitrate Sodium Uranate 
Potassium Permanganate Tin Oxide 

Powder Blue Titanium Oxide 

Rutile, Powdered Uranium Oxide, Orange 
Selenium Uranium Oxide, Yellow 
Sodium Aluminate Zirconium Oxide 


COLORS 


MFG. CO., NEW BRIGHTON, PENNA. 


International 
Congress on Glass 


(London and Sheffield, 1936) 


The August, 1936, number of the 
“Journal of the Society of Glass Tech- 
nology” contains a complete account of 
the Proceedings of the Congress and the 
first batch of ten valuable papers by 
authorities of international repute. 


The October, 1936, number contains 27 
other papers presented at the Congress. 
Copies, price 10/—d. ($2.46) each, may 


be obtained from the Secretary, or from 
the American Ceramic Society. 


The Society of Glass Technology, 
Darnall Road, Sheffield 9, 
England 


' Glass House Refractories 


Flux Blocks 
Pots Open & Covered 
Refractory Blocks 
Highlands Pot Clays 


Prepared Mixes 
Special Batches 


JIM @ 


@ WE MAKE 


P. B. Sillimanite 


Standard Sizes and Shapes to 
Order 


@ WE USE OUR OWN 


PITTSBURGH 
PLATE GLASS COMPANY 


Refractories Division 
GRANT BUILDING, PITTSBURGH, PA. 
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Abrasives Chicago Vitreous Enamel Product Co. Du —_ - Nemours, E. I., & Co., Inc., 
Carborundum Co. (Carborundum and Corhart Refractories Co. R. Chemicals Dept. 
Aloxite) Denver Fire Clay Co. Co. 
Chicago Vitreous Enamel Products Co Electro Refractories & Alloys Corp. The Hommei Co., O., Inc. 
The Hommel Co., O., Inc. Norton Co. Metal & Thermit Corp. 
_ Norton Co. (Alundum- Crystolon) Pittsburgh Plate Glass Co. The Porcelain Enamel and Mfg. Co. 

Air Conditioning Systems The Vitro Mfg. Co. Titanium Alloy Mfg. Co. 
Frazier-Simplex, Inc. Body Stains The Vitro Mfg. Co. 

Aloxite (Refractory Products) Du Pont de Nemours, E. I., & Co., Inc., Chromium Oxide 
Carborundum Co. : R. & H. Chemicals Dept. Ceramic Color & Chemical Mfg. Co. 

Alumina (Hydrate and Calcined) Bone Ash Chicago Vitreous Enamel Product Co. 
Ceramic Color & Chemical Mfg. Co. Harshaw Chemical Co. Drakenfeld & Co., B. F. 

Drakenfeld & Co., B. F. Borax Du Pont de Nemours, E. I., & Co., Inc., 
Du Pont de Nemours, E. I., & Co., Inc., American Potash & Chemical Co. R. & H. Chemicals Dept. 
R. & H. Chemicals Dept. Denver Fire Clay Co. Harshaw Chemical Co. 
Harshaw Chemical Co. Drakenfeld & Co., B. F. The Hommel Co., O., Inc. 
The Hommel Co., O., Inc. Du Pont de Nemours, W..1., & Co., Ine., The Vitro Mfg. Co. 
The Vitro Mfg. Co. R. & H. Chemicals Dept. Clay (Ball) 

Alumina (Fused) Brick and Tile Harshaw Chemical Co. Ceramic Color & Chemical Mfg. Co. 
Electro Refractories & Alloys Corp. The Hommel Co., O., Inc. Du Pont de Nemours, E. I., & Co., Inc., 
The Vitro Mfg. Co. Pacific Coast Borax Co. R. & H. Chemicals Dept. 

Aluminum Oxide (Calcine) The Vitro Mfg. Co. Hammill & Gillespie, Inc. 

The Hommel Co., O., Inc. Borax Glass The Hommel Co., O., Inc. 
The Vitro Mfg. Co. American Potash and Chemical Corp. Harshaw Chemical Co. 

Aluminum Oxide (Fused) Ceramic Color & Chemical Mfg. Co. Kentucky-Tennessee Clay Co. 
Carborundum Co. Denver Fire Clay Co. Paper Makers Importing Co. 
Electro Refractories & Alloys Corp. Drakenfeld & Co., B. F. Potters Supply Co. 

Harshaw Chemical Co. Du Pont de Nemours, E. I., & Co., Inc., Spinks Clay Co., H. C. 
Norton Co. R. & H. Chemicals Dept. The Vitro Mfg. Co. 
The Vitro Mfg. Co. Harshaw Chemical Co. United Clay Mines Corp. 

Alundum (Refractory Products) The Hommel Co., O., Inc. Clay (Block) 

Norton Co. Pacific Coast Borax Co. Du Pont de Nemours, E. I., & Co., Inc., 

Ammonium Bicarbonate _ The Vitro Mfg. Co. R. & H. Chemicals Dept. 

Du Pont de Nemours, E. I., & Co., Inc., Boric Acid (Anhydrous) Clay (China) 
R. & H. Chemicals Dept. Denver Fire Clay Co. Ceramic Color & Chemical Mfg. Co. 
Solvay Sales Corp. Drakenfeld & Co., B. F. Edgar Brothers Co. 

Ammonium Bifiuoride Harshaw Chemical Co. Edgar Plastic Kaolin Co. 
Drakenfeld & Co., B. F. The Hommel Co., O., Inc. Hammill & Gillespie, Inc. 

Du Pont de Nemours, E. I., & Co., Ine., Pacific Coast Borax Co. The Hommel Co., O., Inc. 

R. & H. Chemicals Dept. _ The Vitro Mfg. Co. Harshaw Chemical Co. 
Harshaw Chemical Co. Boric Acid (Crystal, Granular, or — Paper Makers Importing Co. 
The Hommei Co., O., Inc. American Potash & Chemical C = Sant, Richard C. 
The Vitro Mfg. Co. Ceramic Color & Chemical Mfg. Co. The Vitro Mfg. Co. 

Ammonium Carbonate Denver Fire Clay Co. United Clay Mines Corp. 
Ceramic Color & <a Mfg. Co. Drakenfeld & Co., B. F. Clay—Cleaners, Feeders 
Drakenfeld & Co., B. F. Harshaw Chemical Co. Lancaster Iron Works, Inc. 
Du Pont de Nemours, E. I., & Co., Inc., The Hommel Co., O., Inc. Clay (Electrical, Porcelain) 

R. & H. Chemicals Dept. Pacific Coast Borax Co. Ceramic Color & Chemical Mfg. Co. 
Harshaw Chemical Co. The Vitro Mfg. Co. Edgar Brothers Co. 
The Hommel Co., O., Inc. Boron Carbide Edgar Plastic Kaolin Co. 
The Vitro Mfg. Co. _ Norton Co. Hammill & Gillespie, Inc. 

Antimony Oxide Brick Machines (also Barrows, Molds) The Hommel Co., O., Inc. 

Ceramic Color & Chemical Mfg. Co. Lancaster Iron Works, Inc. Kentucky-Tennessee Clay Co. 
Drakenfeld & Co., B. F. Brick (Refractory) Paper Makers Ta Co. 
Du Pont de Nemours, E. I., & Co., Inc., Carborundum Co. (‘‘Carbofrax Aloxite’’) Spinks Clay Co., 
R. & H. Chemicals Dept. Chicago Vitreous Enamel Product Co. United Clay. nies Corp. 
Harshaw Chemical Co. Corhart Refractories Co. Clay (Enamel) 
The Hommel Co., O., Inc. Denver Fire Clay Co. Ceramic Color & Chemical Mfg. Co. 
The Vitro Mfg. Co. Electro Refractories & Alloys Corp. Chicago Vitreous Enamel Product Co 
Arches Unterlocking, Suspending, and Circu- Norton Co. Du Pont de Nemours, E. I., & Co., Inc., 
ar) The Vitro Mfg. Co. R. & H. Chemicals Dept. 
Fraziee Simplex, Inc. Cadmium Sulphide Edgar Brothers Co. 

Arsenic Harshaw Chemical Co. Edgar Plastic Kaolin Co. 
Harshaw Chemical Co. Carbofrax (Refractory Products) Hammill & Gillespie, Inc. 

Automatic Brick Car Loaders Carborundum Co. The Hommel Co., O., Inc. 
Lancaster Iron Works, Inc. Carbonates (Barium, Lead) Harshaw Chemical Co. 

Ball Mills Ceramic Color & —— Mfg. Co. Kentucky-Tennessee Clay Co. 

Ceramic Color & Chemical Mfg. Co. Drakenfeld & Co., B. F. Metal & Thermit Corp. 
Chicago Vitreous Enamel Product Co. Du Pont de Nemours, B.1., & Co:, Inc:, Paper Makers Importing Co. 
The Hommel Co., O., Inc. R. & H. Chemicals Dept. The Porcelain Enamel & Mfg. Co. 
McDanel Refractory Porcelain Co. Harshaw Chemical Co, Spinks Clay Co., H. C. 

The Vitro Mfg. Co. The Hommel Co., O., Inc. Titanium Alloy Mfg. Co. 

Ball Mills (Laboratory Type) The Vitro Mfg. Co. The Vitro Mfg. Co. 

Ceramic Color & Chemical Mfg. Co. Castings United Clay Mines Corp. 
Chicago Vitreous Enamel Product Co. Lancaster Iron Works, Inc. Clay (Fire) 

Denver Fire Clay Co. Castings (Abrasive Resisting) Denver Fire Clay Co. 
The Hommel Co., O., Inc. Bethiehem Steel Co. Edgar Brothers Co. 

The Vitro Mfg. Co. Caustic Potash Edgar Plastic Kaolin Co. 

Barium Carbonate Du Pont de Nemours, E. I., & Co., Inc., Kentucky-Tennessee Clay Co. 
Ceramic Color & Chemical Mfg. Co. R. & H. Chemicals Dept. Paper Makers Importing Co. 
Drakenfeld & Co., B. F. Harshaw Chemical Co. Pittsburgh Plate Glass Co. 

Du Pont de Nemours, E. I., & Co., Inc., Solvay Sales Corp. Potters Supply Co. 
R. & H. Chemicals Dept. Caustic Soda Clay (German Vallendar) 
Ceramic Color & Chemical Mfg. Co. Ceramic Color & Chemical Mfg. Co 


Hammill & Gillespie, Inc. 


Harshaw Chemical Co. Denver Fire Clay Co. Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. Du Pont de Nemours, E. I., & Co., Inc., Du Pont de Nemours, E. I., & Co., Inc, 
The Vitro Mfg. Co. R. & H. Chemicals Dept. R. & H. Chemicals Dept. 

Batch Systems Harshaw Chemical Co. Hammill & Gillespie, Inc. 
Frazier-Simplex, Inc. The Hommel Co., O., Inc. The Hommel Co., O, Inc. 
Lancaster Iron Works, Inc. Pittsburgh Plate Glass Co. Harshaw Chemical Co, 

Batts Solvay Sales Corp. The Porcelain Enamel & Mfg. Co. 
Carborundum Co. (‘‘Carbofrax Aloxite’’) The Vitro Mfg. Co. The Vitro Mfg. Co. 
Denver Fire Clay Co. Cements United Clay Mines Corp. 
Electro Refractories & Alloys Corp. Carborundum Co. Clay Miners 
Norton Co. (Alundum-Crystolon) Chicago Vitreous Enamel Product Co. Edgar Brothers Co. 


Corhart Refractories Co. Edgar Plastic Kaolin Co. 


Bichromate of Soda 
Harshaw Chemical Co. Electro Refractories & Alloys Corp. Kentucky-Tennessee Clay Co 
Bitstone Norton Co. Paper Makers or Co. 
Consolidated Feldspar Corp. Pittsburgh Plate Glass Co. Spinks Clay Co., 
Potters Supply Co. Ceramic Chemicals United Clay aieas Corp. 
Blocks (Refractory) Ceramic Color & Chemical Mfg. Co. Clay (Potters) 
Drakenfeld & Co., B. F. Denver Fire Clay Co. 


Carborundum Co. 
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Edgar Brothers Co. 
Edgar Plastic Kaolin Co. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
Sant, Richard C. 
Spinks Clay Co., H. C. 
United Clay Mines Corp. 
Clay (Process Equipment) 
Lancaster Iron Works, Inc. 
Clay (Sagger) 
Edgar Brothers Co. 
Edgar Plastic Kaolin Co. 
The Hommel Co., O. Inc. 
Kentucky-Tennessee Clay Co. 
Paper Makers Importing Co. 
Pittsburgh Plate Glass Co. 
Potters Supply Co. 
Spinks Clay Co., H.C. 
United Clay Mines Corp. 
Clay (Wad) 
Kentucky-Tennessee Clay Co. 
Potters Supply Co. 
Spinks Clay Co., H. C. 
United Clay Mines Corp. 
Clay (Wall Tile) 
Edgar Brothers Co. 
Edgar Plastic Kaolin Co. 
Hammill & Gillespie, Inc. 
Kentucky-Tennessee Clay Co. 
Paper Makers Importing Co. 
Sant, Richard C. 
Spinks Clay Co., H. C. 
United Clay Mines Corp. 
Cleaners 
The Porcelain Enamel and Mfg. Co. 
Cleaners, Chemical 
Harshaw Chemical Co. 
Clocks (Gauge Board) 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 
Cobalt Oxide 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Harshaw Chemical Co. 
The Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Cobalt Sulphate 
Harshaw Chemical Co. 
Colors 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Harshaw Chemical Co. 
Pittsburgh Plate Glass Co. 
The Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Cones 
The Edward Orton, Jr., Ceramic Founda- 
tion 
Conveying Equipment 
Frazier-Simplex, Inc. 
Lancaster {ron Works, Inc. 
Copper Oxide 
Harshaw Chemical Co. 
Corhart 
Corhart Refractories Co. 
Cornwall Stone (Imported) 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
Crucibles (Filter, Melting, Ignition) 
Carborundum Co. 
Denver Fire Clay Co. 
Norton Co. 
Pittsburgh Plate Glass Co. 
Potters Supply Co. 
Crushers (Clay) 
Lancaster Iron Works, Inc. 
Cryolite (see Kryolith ) 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Crystolon (Refractory Products) 
Norton Co. 
Cullet, Washing Plants, Incinerators, Crushers 
Frazier-Simplex, Inc. 
Decorating Supplies 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 


Drakenfeld & Co., B. F. 

Du Pont de Nemours, E. 1., & Co., Inc., 
R. & H. Chemicals Dept. 

The Hommel Co., O., Inc. 

Harshaw Chemical Co. 

Pittsburgh Plate Glass Co. 

The Vitro Mfg. Co. 

Disintegrators 
Lancaster Iron Works, Inc. 

Dryer (Pipe Rack) 

Lancaster Iron Works, Inc. 

Drying Machinery 
Frazier-Simplex, Inc. 

Lancaster Iron Works, Inc. 
Proctor & Schwartz, Inc. 

Electrocast Refractories 
Corhart Refractories Co. 

Enameling Equipment (Complete) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Frazier-Simplex, Inc. 

The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 

Enameling Furnaces 
Carborundum Co. 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Electro Refractories & Alloys Corp. 
The Hommel Co., O., Inc. 
Lancaster Iron Works, Inc. 
Norton Co. 

Enameling Iron (Sheet) 
American Rolling Mill Co. 
Bethlehem Steel Co. 

Enameling Muffies 
Bethlehem Steel Co. 

Carborundum Co. (Carbofrax) 
Chicago Vitreous Enamel Product Co. 
Electro Refractories & Alloys Corp. 
Frazier-Simplex, Inc. 

Norton Co. (Alundum) 

Pittsburgh Plate Glass Co. 

Enameling (Practical Service) 

Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 

Metal & Thermit Corp. 

The Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 

The Vitro Mfg. Co. 

Enamels 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Du Pont de Nemours, E. I., & Co., Inc., 

R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Pittsburgh Plate Glass Co. 
The Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 

Enamel Oxide 
Du Pont de Nemours, E. I., & Co., Inc., 

R. & H. Chemicals Dept. 

Enamels (Porcelain) 

Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 

The Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 

The Vitro Mfg. Co. 

Equipment (Porcelain Enameling) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The DeVilbiss Co. 

The Hommel Co., O., Inc. 

Exhaust Systems 
The DeVilbiss Co. 

Feldspar 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

Harshaw Chemical Co. 

The Hommel Co., O., Inc. 

Paper Makers Importing Co. 

The Porcelain Enamel and Mfg. Co 

Sant, Richard C. 

The Vitro Mfg. Co. 

Fire Brick 

Carborundum Co. 

Corhart Refractories Co. 

Denver Fire Clay Co. 

Electro Refractories & Alloys Corp. 
Norton Co. 

Fire Brick—Process Equipment 
Lancaster Iron Works, Inc. 

Fire Clay 
Spinks Clay Co., H. C. 

Flint 

Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 


Du Pont de Nemours, E. I., & Co, Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co 
The Porcelain Enamel and Mfg. Co. 
Flint Pebbles 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co, 
Floors (Non-Slip) 
Norton Co. 
Fluorspar 
Harshaw Chemical Co. 
French Flint 
Consolidated Feldspar Corp. 
Paper Makers Importing Co. 
Frit 
Allied Engineering Co. 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Harshaw Chemica! Co. 
The Hommel Co., O., Inc. 
Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Frosting Mixtures 
Harshaw Chemical Co. 
Fuel Oil Systems and Control, Stokers 
Bethlehem Steel Co. 
Frazier-Simplex, Inc. 
Furnaces 
Allied Engineering Co. 
Carborundum Co. (Carboradiant) 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
Frazier-Simplex, Inc. 
The Hommel Co., O., Inc. 
Glass Bending Ovens, Glass Decorating Ma- 
chines 
Frazier-Simplex, Inc. 
Glass Equipment 
Hartford-Empire Co. 
Lancaster Iron Works, Inc. 
Glass Melting Pots (Open and Covered) 
Pittsburgh Plate Glass Co. 
Glass Melting Tanks and Furnaces 
Frazier-Simplex, Inc. 
Pittsburgh Plate Glass Co 
Glass Thickness Gauge 
Bausch & Lomb Optical Co. 
Glaze and Body Spar 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 
Du Pont de Nemours, E. I., & Co Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
The Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Glazes and Enamels 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O.. Inc. 
The Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Glaze Spar 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 


Goggles 

Cover, H. S. 

Willson Products, Inc. 
Gold 


Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. H. & Chemicals Dept. 
Harshaw Chemica! Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Dept. 
Gold Decorations 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Co. 
Granulators 
Lancaster Iron Works, Inc. 
Grinding Wheels 
Carborundum Co. (Carborundum and 
Aloxite) 
Chicago Vitreous Enamel Product Co. 
Norton Co. (Alundum-Crystolon) 
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Hearths 
Carborundum Co. 
(Carbofrax heat treating) 
Corhart Refractories Co. 
Electro Refractories & Alloys Corp. 
Norton Co. (Crystolon) 

Hearths (Fused Al:O;3, SiC) 

Electro Refractories & Alloys Corp. 

Hearths (High Aluminous Clay, Electrically 
Sintered Aluminum xide, Silicon 
Carbide) 

Carborundum Co. 
Norton Co. 

Hose (Air and Fluid) 

The DeVilbiss Co. 

Hydrofluoric Acid 

Harshaw Chemical Co. 
Iron Chromite 
Harshaw Chemical Co. 
Iron (Enameling) 
American Rolling Mill Co. 
Bethlehem Steel Co. 
Iron Oxide 
Ceramic Color & Congest Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
The Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Kaolin 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 
Edgar Brothers Co. 
Edgar Plastic Kaolin Co. 
Hammill & Gillespie. Inc. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co 
Sant, Richard C 
United Clay Mines Corp. 
The Vitro Mfg. Co. 
Kellog AA Refractories 
Electro Refractories & Alloys Corp. 
Kilns, China (Decorating) 
Allied Engineering Co. 
Denver Fire Clay Co. 
Drakenfeld & Co., B. F. 
Frazier-Simplex, Inc. 
The Hommel Co., O., Inc. 

Kiln Furniture ( Silicon Carbide, Semi-Silicon 
Carbide) 

Electro Refractories & Alloys Corp. 

Kyanite 

Celo Mines, Inc. 

Kryolith (See Cryolite) 

Harshaw Chemical Co. 

Pennsylvania Salt Mfg. Co. 
Laboratory Ware 

Norton Co. 

Lehr Tile (High Aluminous Clay, 
Sintered Aluminum 
Carbide) 

Carborundum Co. 
Electro Refractories & Alloys Corp. 
Lehrs 
Frazier-Simplex Inc. 
Lehrs (Electric or Fuel Heated) 
Frazier-Simplex, Inc. 
Lehr Loaders 
Frazier-Simplex, Inc. 

Linings (Furnace Refractory, Block Refrac- 

tory Plate, Brick and Tile) 
Carborundum Co. 
Chicago Vitreous Enamel Product Co. 
Corhart Refractories Co. 
Denver Fire Clay Co. 
Electro eavenkenten & Alloys Corp. 
Norton Co. 
Pittsburgh Plate Glass Co. 
The Vitro Mfg. Co. 

Magnesia (Fused) 

Electro Refractories & Alloys Corp. 

Magnesia (Sintered, Calcined) 

Drakenfeld & Co., B. F. 

Du Pont de Nemours, 1.,.& Co., Iuc., 
R. & H. Chemicals Dept. 

Harshaw Chemical Co. 

The Hommel Co., O., Inc. 

Norton Co. 

The Porcelain Enamel and Mfg. Co. 

Magnesite 

Ceramic Color & oe Mfg. Co. 

Drakenfeld & Co., B. F. 

Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 

Harshaw Chemical Co. 

Hammill & Gillespie, Inc. 

The Hommel Co., O., Inc. 

The Vitro Mfg. Co. 


Electrically 
xide, Silicon 


Magnesium Carbonate 
Harshaw Chemical Co. 

Manganese 
Ceramic Color & ee Mfg. Co. 
Drakenfeld & Co., F. 


Du Pont de 1., & Co., Ine., 


& Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Manganese (Oxide) 
Ceramic Color & Chemical Mfg. Co. 
Corhart Refractories Co. 


Du Pont de Nemours, E. I., & Co., Inc., 


R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
Masks (Breathing) 
The DeVilbiss Co. 
Willson Products, Inc. 

Metals (Porcelain Enameling) 
American Rolling Mill Co. 
Bethlehem Steel Co. 

Microscopes (Polarizing) 

Bausch & Lomb Optical Co. 

Minerals 
Ceramic Color & ee Mfg. Co. 
Drakenfeld & Co., B. F. 

Du Pont de Nemours, B. 1, 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Mixers (Batch) 
Lancaster Iron Works, Inc. 

Mold Sanders 
Lancaster Iron Works, Inc. 

Muffles (Furnace) 

Allied Engineering Co. 

Carborundum Co. (Carbofraz) 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 

Electro Refractories & Alloys Corp. 
Frazier-Simplex, Inc. 

Norton Co. 

Pittsburgh Plate Glass Co. 

Muffies (Laboratory) 

Electro Refractories & Alloys Corp. 

Mullite (Refractories) 

Electro Refractories & Alloys Corp. 

Muriatic Acid 
Denver Fire Clay Co. 

Harshaw Chemical Co. 
The Hommel Co., O., Inc. 

Needle Antimony 
Harshaw Chemical Co. 

Nickel Salts 
Harshaw Chemical Co. 

Nitrates (Cobalt, Sodium) 

Ceramic Color & ee Mfg. Co. 

Drakenfeld & Co., B. F. 

Du Pont de Nemours, E. 1., & Co., Iuc., 
R. & H. Chemicals Dept 

Harshaw Chemical Co. 

The Hommel Co., O., Inc 

The Vitro Mfg. Co. 

Nitre 
Harshaw Chemical Co. 

Non-Gro Refractories 
Electro Refractories & Alloys Corp. 

Norbide (Norton Boron Carbide) 

Norton Co. 

Olivine 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

Opacifiers 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., 

R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
The Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 

Overglaze Colors 
Du Pont de Nemours, E. I., & Co., Inc., 

R. & H. Chemicals Dept. 
Oxides 


Ceramic Color & Chemical Mfg. Co. 

Chicago Vitreous Enamel Product Co. 

Drakenfeld & Co., B. F. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

Harshaw Chemical Co. 

Metal & Thermit Corp. 

Porcelain Enamel & Mfg. Co. 

Titanium Alloy Mfg. Co. 

The Vitro Mfg. Co. 


Inc., 


& Co., Inc., 


Palladium Decorations 
Du Pont de Nemours, E. I., & Co., Inc., 
Pi R. & H. Chemicals Dept. 
ns 


Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 
Potters Supply Co. 
Platinum Decorations 
Du Pont de Nemours, E. I., & Co., Inc., 
& Chemicals Dept. 
Polariscopes 
Bausch & Lomb Optical Co. 
Frazier-Simplex, Inc. 
Porcelain Enameling Service (Practical) 
American Rolling Mill Co. 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 
The Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Porcelain Enamels 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Potash (Carbonate) 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemica! Co. 
The Hommel Co., O., Inc. 
Solvay Sales Corp. 
The Vitro Mfg. Co. 
Producer Glass Plants 
Frazier-Simplex, Inc. 
Pug Mills 
Lancaster Iron Works, Inc. 
Pyrometer Tubes 
Carborundum Co. 
Electro Refractories & Alloys Corp. 
Montgomery Porcelain Products Co. 
Pyrometer Tubes (Refractory and Hard 
Porcelain) 
Denver Fire Clay Co. 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 
Norton Co. 
Pyrometers (Optic2l, Radiation, Surface, Im- 
mersion, Needle) 
Pyrometer Instrument Co. 
Pyrometric Cones 
The Edward Orton, Jr., Ceramic Founda- 


tion 
Raw Material Handling Equipment 
Frazier-Simplex, Inc. 
Lancaster Iron Works, Inc. 
Refractometers 
Bausch & Lomb Optical Co. 
Refractories 
Carborundum Co. 
Corhart Refractories Co. 
Denver Fire Clay Co. 
Electro Refractories & Alloys Corp. 
Kentucky-Tennessee Clay Co. 
Norton Co. 
Pittsburgh Plate Glass Co. 
Refractory Materials 
Carborundum Co. 
Chicago Vitreous Enamel Product Co. 
Corhart Refractories Co. 
Denver Fire Clay Co. 
Electro Refractories & Alloys Corp. 
Kentucky-Tennessee Clay Co. 
Norton Co. 
Pittsburgh Plate Glass Co. 
Sant, Richard C. 
Titanium Alloy Mfg. Co. 
Represses (Automatic) 
Lancaster Iron Works, Inc. 
Respirators 
Chicago Vitreous Enamel Product Co. 
Cover, H 
The DeVilbiss Co. 
The Hommel Co., O., Inc. 
Willson Products, Inc. 
Rutile 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Saggers 
Carborundum Co. 
Electro Refractories & Alloys Corp. 
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‘otters Supply Co. 
Salt Cake 
American Potash & Chemical Co. 
Harshaw Chemical Co 
The Hommel Co., O., Inc. 
Sandblast Helmets 
Willson Products, Inc. 
Sand Grinder and Sifters 
Lancaster Iron Works, Inc. 


ponin 
The Hommel Co., O., Inc. 
Selenite of Sodium 
Drakenfeld & Co., B. F. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Selenium 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc. 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Sheets (Enameling Iron) 
American Rolling Mill Co. 
Bethlehem Steel Co. 
Silica (Fused) 
Electro Refractories & Alloys Corp. 
The Hommel Co., O., Inc. 
Silicate of Soda 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
The Hommel Co., O., Inc. 
Harshaw Chemical Co. 
Silicon Carbide 
Carborundum Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
Silicon Carbide Firesand 
Carborundum Co. 
Sillimanite Refractories 
Electro Refractories & Alloys Corp. 
Sillimanite (Synthetic) 
Pittsburgh Plate Glass Co. 
Slabs (Furnace) 
Carborundum Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
Pittsburgh Plate Glass Co. 
Soda Ash 
American Potash and Chemical Corp. 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Pittsburgh Plate Glass Co. 
Solvay Sales 
The Vitro Mfg. Co 
Sodium Antimonate 
Ceramic Color & Ceesent Mfg. Co. 
Drakenfeld & Co., 
Du Pont de Fanta re. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Lac. 
Metal & Thermit Corp. 
The Vitro Mfg. Co. 
Sodium Fluoride 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 


Sodium Metasilicate 
Harshaw Chemical Co. 
Sodium Nitrite 
Harshaw Chemical Co. 
Sodium Silica Fluoride 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Sodium Uranate 
Harshaw Chemical Co. 
Soot Blowers 
Frazier-Simplex, Inc. 
Special Machines 
Frazier-Simplex, Inc. 
Spar 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 


Du Pont de Nemours, E. I., & Co., Inc., 


R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
The Vitro Mfg. Co. 
Spray Booths 
The DeVilbiss Co. 
Spraying Equipment 
The DeVilbiss Co. 
Spurs 
Potters Supply Co. 
Stacks 
Lancaster Iron Works, Inc. 
Steel Plate Construction 
Bethlehem Steel Co. 
Lancaster Iron Works, Inc. 
S ly C 
otters Supply Co. 
Sulfuric Acid 
Denver Fire Clay Co. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Talc 
Ceramic Color & Chemical Mfg. Co. 


Du Pont de Nemours, E. I., & Co., Inc., 


R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
aper Makers Importing Co. 
Tanks 
Tank Blocks 
Corhart Refractories Co. 
Pittsburgh Plate Glass Co. 
Tanks (Pickle) 
Chicago Vitreous a Product Co. 
The Hommel Co., O., 
Tanks for Raw Material Steel. or Concrete 
Bethlehem Steel Co. 
Lancaster Iron Works, Inc. 


Tile (Muffie) 
Carborundum Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 

Tile (Refractory) 
Carborundum Co. (Carbofraz) 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
Pittsburgh Plate Glass Co. 

Tile (Wall) 
Denver Fire Clay Co. 

Tin Oxide 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 

R. & H. Chemicals Dept. 


The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
The Vitro Mfg. Co. 
Titanium 
Ceramic Color & en Mfg. Co 
Drakenfeld & Co., 
Harshaw Chemical ro 
The Hommel Co., O., Inc. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Titanium Oxide 
Ceramic Color & + Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
: R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Tri Sodium Phosphate 
Harshaw Chemical Co. 
Trucks 
Lancaster Iron Works, Inc. 
Tubes (Insulating) 
Carborundum Co. 
McDanel Refractory Porcelain Co. 
Norton Co. 
Tubes (Pyrometer) 
Carborundum Co. 
Denver Fire Clay Co. 
Electro Refractories & Alloys Corp. 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 
Norton Co. 
Pittsburgh Plate Glass Co. 
Uranium Oxide 
Harshaw Chemical Co. 
Du Pont 2 Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Vitro Mfg. Co. 
Water Softening Plants 
Frazier-Simplex, Inc. 
Wet Enamel 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 
The Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Whiting 
Color & Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
The Vitro Mfg. Co. 
Winding Drums 
Lancaster Iron Works, Inc. 
Zinc Oxide 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc 
The Vitro Mfg. Co. 
Zirconia 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
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BORIC ACID 


Select the Brand which has back of it years of successful use 
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Pacific Coast Borax Co., New York 
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WRITE, PHONE OR WIRE PERIODICALS DEPARTMENT 


THE H. W. WILSON COMPANY 


950 University Avenue, New York 


DeVilbiss 


THE COMPLETE SPRAY-PAINTING 
AND FINISHING SYSTEM 


Spray Guns—Material Containers—Regulators 
—Spray Booths—Exhaust Fans—Hose and 
Connections—Air Compressors—Accessories. 


THE DEVILBISS COMPANY 
TOLEDO, OHIO 


EMERSON P.. POSTE 


CONSULTING CHEMICAL ENGINEER 


ANALYSES: CERAMIC RAW MATERIALS AND PRODUCTS, 
FUELS, IRON AND STEEL, ETC. 


SPECIAL INVESTIGATIONS: PHYSICAL AND CHEMI- 
CAL TESTS ON ENAMEL, ETC. 


309 McCALLIE AVE., 
CHATTANOOGA, TENN. 


THE SHARP-SCHURTZ 
COMPANY 


CHEMISTS FOR THE CERAMIC INDUSTRY 


WE HAVE FULLY EQUIPPED LABORATORIES AT 


LANCASTER, OHIO U.S.A. 


Tunnel, Truck and Humidity Dryers 


for— Dry Pressed Electrical Porcelain 

High Voltage Electrical Porcelain 

Sanitary Porcelain 

Floor and Wall Tile 

Abrasive Wheels 

Glass Pots and Blocks 

Refractory Brick and Shape 

Also Stove Rooms and Mangles for 
General Dinnerware 


PROCTOR & SCHWARTZ, INC. 


The Largest Builders of Drying Machinery for Industry 
Seventh Street & Tabor Road, Philadelphia, Pa. 
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BETTER HIGH-DUTY 
REFRACTORY MORTAR! 


HIS is the first written advertisement that has ever 

appeared for Corhart Mortar—a high-duty refrac- 
tory furnace mortar which has, on sheer merit alone, 
built for itself a substantial market. (And this in spite 
of the fact that Corhart Mortar has been practically 
unknown outside of the glass industry, where Corhart 
materials are conceded to be the longest-lived, most re- 
sistant, and most serviceable refractory products known 
to the trade.) 


Corhart Mortar is formulated and sold for the benefit 
of the furnace user who is interested in its performance 
under severe conditions. Made not merely for ex- 
treme plasticity, workability, or other characteristics 
which appeal only to the mason or construction man, 
Corhart. Mortar is recommended for the service that it 
gives, its durability and resistance to extreme tempera- 
tures and conditions. 


1. Corhart Mortar has a pyrometric cone equivalent 
of cone 37+ (1820° C., 3308° F.) when heated at 
150° C. per hour. 


2. All grog constituents are crystalline in nature, non- 
porous and non-absorbent. 


3. Chemically, it is largely aluminum silicates. 


4. It is packaged in substantial bags, perfectly dry. 
It does not deteriorate in storage nor harden after being 
wet. 


5. Due to the ingredients used and their proportion- 
ing, there is practically no drying or firing shrinkage. 


6. Corhart Mortar passes through a sixty mesh screen. 
Corhart Mortar will be sought out, discovered, and used 
by many of the foremost heat-processing companies in 
America. We would be more than glad to consult with 
you as to its possibilities in your operation. Address: 
Corhart Refractories Co., Incorporated, 16th and Lee 
Streets, Louisville, Ky. In Europe: L’Electro Re- 
fractaire, Paris. Jn Japan: Asahi Glass Co., Tokio. 
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bus, Ohio, who acted as Chairman of the Symposium, planned the subjects for presentation, and offered suggestions for 


the work as it was completed. 


THE WORK OF THE AMERICAN SOCIETY FOR TESTING MATERIALS 
ON REFRACTORIES* 


By C. E. BALES 


ABSTRACT 


A discussion is presented of the organization and operation of Committee C-8 on 
Refractories of the American Society for Testing Materials. The author explains how 
tests are formulated and finally adopted as Standards. 


I. Introduction 

The American Society for Testing Materials is 
a national technical society of engineers, chemists, 
testing experts, manufacturers, users, and others 
interested in the properties of materials. It was 
organized for the purpose of promoting knowledge 
of the materials of engineering and for the stand- 
ardization of specifications and the methods of 
testing. Its work is done primarily by the activi- 
ties of committees and by the presentation of 
technical data in the form of papers to the Society. 


Il. Committee C-8 on Refractories 

One of these committees is known as Committee 
C-8 on Refractories. This Committee has been 
functioning since 1916 and has turned out a 
tremendous volume of work. It has been re- 
sponsible for the development of all of the present 
standard definitions of terms relating to refrac- 
tories, standard specifications, and standard 
methods of testing refractories. 

The work of this Committee and all other 
committees of the A.S.T.M. is not done in a 


* Paper No. 1 in Symposium on ‘‘Refractories Testing.” 
Received March 23, 1937. 
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haphazard manner; the activities of the Com- 
mittee, in fact, are governed by very definite 
regulations. It is a working Committee and ap- 
pointments are not made for any honor that 
might be attached to membership. 

The rules of the Society prescribe that the mem- 
bership of Committee C-8 shall be evenly balanced 
between producers, consumers, and those who 
have a general interest in the subject of refrac- 
tories, such as college professors and government 
scientists. The Committee elects its own officers, 
consisting of a chairman, a vice-chairman, and a 
secretary. The rules forbid the election of a pro- 
ducer as chairman, although he may serve as vice- 
chairman or secretary. This is done to prevent 
any possibility of a producer dominating the Com- 
mittee. 

Committee C-8 consists of an Advisory Board, 
a number of Subcommittees, and a number of 
Sections on Tests. The function of the Advisory 
Board is to consider general questions of policy 
and to assist the officers. 


(1) Subcommittees 
The Subcommittees, at present, are as follows: 
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(1) Subcommittee on Tests, (2) Subcommittee on 
Specifications, (3) Subcommittee on Research, (4) 
Subcommittee on Nomenclature, (5) Subcom- 
mittee on Industrial Survey, (6) Subcommittee on 
Heat Transfer, (7) Subcommittee on Precision and 
Tolerances, and (8) Editorial Subcommittee. 

Each of these Subcommittees has its own chair- 
man and the work in which it is engaged is in- 
dicated by the title. Occasionally the Subcom- 
mittees need advice and assistance from experts 
in their particular line who may not be members 
of the A.S.T.M. and consequently are ineligible 
for membership on C-8. In such cases, it is pos- 
sible, under the rules of the Society, to appoint 
these experts as advisory members to the Sub- 
committees. 


(2) Subcommittee Sections 

The Subcommittee on Tests is broken up into 
Sections each of which has its own chairman. The 
following Sections are active at present: (a) Sec- 
tion on Analysis, (b) Section on Load, (c) Section 
on Spalling, (d) Section on Temperature, (e) Sec- 
tion on Slagging, and (f) Section on Tests on Re- 
fractory Insulation. 

Methods of testing refractories originate in these 
Sections. When the method has been written and 
passed on by the members of the Section, it is 
sent to the Subcommittee on Tests for approval 
before being presented to the Committee as a 
whole. This is done to eliminate any weaknesses 
or errors that may exist in the proposed method 
and to have it in proper shape for presentation 
to the Committee at one of its semi-annual meet- 


ings. 


(3) Procedure 

New specifications, questions of nomenclature, 
research problems, industrial surveys, and edi- 
torial revisions in the standards are handled by 
the respective Subcommittees, but all of the re- 
ports, proposed standard definitions, methods of 
test, and specifications must be presented to the 
Committee as a whole in a general meeting before 
they can be adopted. 

The report is presented and a motion made to 
submit it to letter ballot of the Committee so that 
every member can vote to accept or reject it. 


Voting on these letter ballots is mandatory, as 
prescribed by the regulations of the Committee. 


(4) Tentative Standards 

Assuming that the proposed test method, defini- 
tion, or specification is voted upon favorably by 
the Committee, it then becomes a ‘Tentative 
Standard” and remains as such at least for one 
year. During this time, it is given wide publicity, 
and every consumer, producer, and everyone in- 
terested in refractories in a general way has an 
opportunity to offer constructive criticism on it. 
If the criticisms have merit the Committee will 
make the changes at its next meeting and then it 
continues as a Tentative Standard for another 
twelve months. 


(5) Standards 

Finally, when it has served its time as a Ten- 
tative Standard, a motion is made in an open 
meeting to raise it to a full ‘Standard.’ This is 
also submitted to letter ballot. If it receives a 
favorable vote on this ballot, it is presented to the 
parent Society in the form of an Annual Report. 
The members of the Society are thereby given an 
opportunity of voting on everything submitted 
by Committee C-8. 


Ill. Conclusions 

The set-up of the Committee may appear to 
be rather complicated and its operations may ap- 
pear to entail considerable red tape, but actually 
the work of the Committee goes along very 
smoothly and the Standards as finally approved are 
reasonably accurate in the light of existing knowl- 
edge and are eminently fair to all concerned. 

Biennially, Committee C-8 prepares, and the 
A.S.T.M. publishes, a book of standards on re- 
fractory materials containing all of the specifica- 
tions, methods of testing, definitions, description 
of standard samples, and industrial surveys on 
open-hearth practice, the malleable iron industry, 
the copper industry, the lead industry, and the 
refractory service in by-product coke ovens. This 
book also contains a manual for the interpreta- 
tion of refractory test data. A new edition will 
be available in 1937. 


THE IRONTON FIRE BRICK COMPANY 
IRONTON, OHIO 


METHODS OF TESTING INSULATING REFRACTORIES * 


By W. C. RUECKEL 


ABSTRACT 


A résumé of methods used for determining the physical properties of insulating re- 
fractories is given and the utility rating of the various test methods and refinements in 


test procedure is discussed. 


I. Introduction 

The tests to which insulating refractories are 
usually subjected are reheat shrinkage, spalling, 
cold-crushing and transverse strength, hot-load 
strength, porosity, permeability, and thermal 
conductivity. 

The manufacturer of insulating brick may make 
any or all of these tests on his product, asa routine 
matter, to be assured that his product will be suit- 
able to the service for which he has recommended 
it. The consumer, however, may select several 
of the tests and alter the procedure to simulate 
the service to which he expects to subject the 
brick; thus it is apparent that, with the exception 
of porosity, cold-crushing, and transverse-strength 
tests, it will be difficult to standardize a procedure 
that is satisfactory to all. But unless the test pro- 
cedure is standardized it is impossible for anyone 
to correlate properly the properties of the many 
types of insulating brick now being produced. 


Il. Description of Procedure 


(1) Thermal Conductivity 

Thermal conductivity value is of prime im- 
portance in calculating the amortization of any 
insulating material. In other words, for so many 
dollars worth of insulation, a producer saves so 
many dollars per year in a particular installation. 
Unfortunately many able scientists have been 
working for years on the development of conduc- 
tivity tests and to say that their opinions differ 
on a standard test procedure is to make a rather 
mild statement. At present it appears that the 
proposed program of work being carried out at the 
National Bureau of Standards may result in this 
long-awaited standard procedure. 

In one method, conductivity values are ob- 
tained by subjecting a sample of insulation to a 
definite hot-face temperature, by holding that 
temperature for a sufficient length of time to 
establish equilibrium and then measuring the 
cold-face temperature at a number of points. The 
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value of K, the conductivity constant, can thus be 
calculated from the mean temperature, if the heat 
flowing through the sample is known. Obviously, 
the accuracy of the conductivity values thus ob- 
tained depends a great deal on maintaining 
through the sample as small a temperature gradi- 
ent as possible. 

Lightness in weight has always meant low con- 
ductivity values. The producers of block insula- 
tion have demonstrated, however, that in some 
cases, with the same material, a dense block will 
have better insulating value at high temperatures 
than a light block. In other words, the slope of 
the conductivity curve for the light block is steeper 
than for the heavier block, and the two curves 
cross at high temperatures. Another point is that 
at high temperatures the effect of radiation across 
the pores of an insulator may become of such 
magnitude as to cause the conductivity values to 
increase sharply and to minimize the insulating 
value of the material. 


(2) Reheat Shrinkage 

A tentative method of testing insulation for 
reheat shrinkage has been recommended by the 
American Society for Testing Materials. The 
method comprises heating any size of sample in a 
furnace (preferably a standard brick) to a definite 
temperature in less than three hours and main- 
taining that temperature for twenty-four hours. 
Impingement of flame on the specimen and the 
nature of the atmosphere in the furnace have been 
found to affect the shrinkage to a marked degree. 
The shrinkage is calculated from measurement 
along the three major axes, and the shrinkage along 
each is noted separately. When insulating brick 
reach a critical temperature they sag and distort 
much more than heavy refractories. 

Heating the specimen for twenty-four hours has 
been decided upon as a fair compromise in testing 
various brick for reheat shrinkage. Some brick 
stop shrinking after five hours of heating, while 
others attain 90 to 95% of their ultimate shrinkage 
after being heated for twenty-four hours. 
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One investigator reports that reheat shrinkage 
obtained by following the tentative A.S.T.M. pro- 
cedure does not agree with the results obtained in 
service and that a panel reheat test gave results in 
better agreement with those obtained in service. 


(3) Cold Strength 

In addition to reheat shrinkage, the A.S.T.M. 
has also recommended tentative procedures for 
the determination of cold-crushing and transverse 
strength of insulating brick. The crushing 
strength of insulating brick is, of course, quite low, 
and in several materials the brick fail by pulveri#za- 
tion rather than true crushing. The A.S.T.M. 
has provided for testing these materials by stipu- 
lating that the test specimen shall be compressed 
to a deformation of 5% of the original thickness, 
unless definite failure shall have previously oc- 
curred. 

The ease with which the bearing surfaces of 
insulating brick can be smoothed and the ac- 
curacy to which they are sized generally makes 
capping unnecessary. 

The strength of insulating brick has been im- 
proved to the point that less emphasis is being 
placed on the determination of transverse and 
compressive strength. Although a very general- 
ized correlation can be made between cold strength 
and resistance to thermal spalling, furnace builders 
are not utilizing such data for design purposes. 


(4) Spalling 

Resistance of insulating brick to thermal spall- 
ing is poor in general. Kerr has reached a similar 
conclusion. ! 

For those who find the panel-type test equip- 
ment too expensive to build, there are several 
alternate procedures available. The first of these 
utilizes the door of a furnace in which the brick 
are heated on one end and then subjected to an 
air blast or fine spray of mist. This type is merely 
an adaptation of the panel-spalling test to any 
gas-fired furnace. The second procedure calls for 
alternate heating and cooling of standard brick- 
size specimens and the determination of the loss 
in transverse or crushing strength after a definite 
number of cycles. 


(5) Porosity 
Porosity of insulating brick may be determined 


1 See W. R. Kerr, ‘‘Panel Spalling Tests on Insulating 
Brick and Insulating Fire Brick,’’ this issue, pp. 322-28. 


in three ways. The first of these is by the deter- 
mination of true specific gravity, weight, and bulk 
volume; the second, by boiling in water with 
determination of dry, saturated, and suspended 
weight; and the third, by the use of a gas- 
expansion porosimeter. If the latter equipment is 
available, a closer approximation of the true 
porosity can be obtained by this method than by 
the second method of boiling in water. 

Since the correlation of porosity with other 
properties of insulating brick is slight, there is 
little use in porosity determinations. Instead, the 
producers and consumers of insulating brick find 
bulk density of much greater practical value. 


(6) Permeability 

Permeability is usually expressed as the quan- 
tity of gas flowing through a specimen per square 
inch of area per inch of thickness in one second 
under a definite pressure differential. Equipment 
used for this test varies greatly but in general 
consists of (1) a container which seals the sides of 
the specimen to prevent lateral air flow; (2) a 
means of moving gas through the specimens which 
may be forced through as compressed gas or 
drawn through by a negative pressure; (3) a meter 
for measuring the quaniity of gas flowing per unit 
time; and (4) a differential pressure gage. 

A great deal of work has been done by Green 
and his co-workers? at the British Refractories 
Research Station on permeability of refractories 
to gases. Their work has shown that the per- 
meability of refractories to gases decreases as the 
temperature of the gas is increased. This is due 
to the increased viscosity of the gas as it is heated. 
Although cement coatings are often applied to the 
surface of insulating refractories, it has been found 
that permeability of the brick to gas has been de- 
creased only by about 50% by virtue of its ap- 
plication. 

Work is being done at the National Bureau of 
Standards by which it is possible to calculate the 
average pore diameter of ceramic materials from 
values for porosity and permeability. This work 
may ultimately permit correlation between per- 
meability and thermal conductivity. 

Permeability of insulating refractories may be of 
importance in a few isolated cases where high fur- 


2F. H. Clews and A. T. Green, “The Significance of 
Permeability to Gases in Relation to Texture and Indus- 
trial Usage of Refractory Materials,’ Trans. Ceram. Soc., 
33 [2] 56-72 (1934); Ceram. Abs., 13 [8] 212 (1934). 


nace pressures are maintained. In most of the 
cases where this is true, leakage is prevented by 
the use of a steel furnace casing. 


(7) Refractoriness 

The pyrometric cone equivalent (P.C.E.) of 
insulating refractories is sometimes determined, 
although it is not widely used. If reheat shrink- 
age tests give excessive values at the recommended 
service temperature, it may be advisable to de- 
termine the P.C.E. of the insulating brick. 


(8) Hot Load 

The hot-load test is so widely used for heavy 
fireclay refractories that it was thought to be 
applicable in a modified form to a similar degree 
to insulating refractories. This has not been the 
case. Most insulating refractories show poor 
resistance to deformation in the hot-load test. 
This is true even when a load is applied which is 
proportional according to the bulk density of the 
brick. While the hot-load strength of insulating 


The New Huey P. Long Bridge across the Mississippi River 


When this $13,000,000 structure was completed 
December 16, 1935, the Father of Waters got his twenty- 
ninth bridge. It is located a mile and a half above 
New Orleans at Nine Mile Point and is a combination 
railroad, vehicular, and pedestrian crossing, toll free. 

From the top of the steel superstructure at the center 
to the bottom of the central pier, the bridge measures 
more than 400 feet high, having two railroad tracks 
(for use by Southern Pacific trains); two 18-foot con- 
crete roadways, and two sidewalks. With the ap- 
proaches it is 4.4 miles long and extends 3524 feet across 
the Mississippi at a height of 135 feet above the high- 
water level. Modjeski, Masters, and Case were the 
designers. 

It forms part of the New Orleans Public Belt railroad 
system and is municipally owned. The bridge forms a 
juncture for U. S. Highways 90 and 61 as they approach 
New Orleans. 
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brick is low, it must be remembered that the tem- 
perature gradient through the brick is three or 
more times greater than through a heavy clay 
brick. It is apparent, therefore, that the cooler 
portion of the insulating brick should be able to 
carry the superimposed load. This observation 
is borne out in service where there is no indication 
that insulating brick have failed due to load at 
their recommended service temperatures. 


Ill. Conclusions 

Tests for insulating refractories will require con- 
siderable investigation to determine the best pro- 
cedures to be followed. Insulating refractories 
differ so widely from heavy refractories in their 
behavior in service and in their properties that a 
test procedure for the heavy brick can not be 
applied to the insulating brick without a great 
deal of study. 


ENGINEERING AND CONSTRUCTION DIVISION 
KoppeRS COMPANY 
PITTSBURGH, PENNSYLVANIA 


Shushan Airport on Lake Pontchartrain in New Orleans 

Aviation authorities declare Shushan Airport to be the 
finest in the world. The airport is constructed on 
“man-made” land with many million cubic yards of fill 
from the lake bottom. 

The field is arranged with sufficient runways to enable 
planes to take off and land with ease no matter in which 
direction the wind is blowing. 

The main lobby of the administration building is a 
model of beauty with ornamental marble walls, terrazzo 
floors, aluminum doors, and ultra-modern furnishing. 
Around the balcony are eight murals which com- 
memorate some of the famous flights of aviation history 
or illustrate the achievements of aircraft in various 
parts of the globe. The huge paintings were done by 


Xavier Gonzales, professor of design in the Newcomb 
School of Art. 

The airport is about seven miles from the heart of the 
New Orleans business district. 


gee 
4 
€ 
| 
ve 
TN 


PANEL SPALLING TESTS ON INSULATING BRICK AND INSULATING 
FIRE BRICK* 


By W. RAYMOND KERR 


ABSTRACT 
The procedure described includes a description of the test furnace used. The 


method of preparing test panels is given. 


determined temperatures were used in all tests. 


Preheat periods of 24 hours at various pre- 


Spalling includes 10 cycles of heating 


and cooling with air at room temperature as the cooling medium at a volume of 1400 


cubic feet per minute. 


The preheat period is valuable as it shows whether or not the brick will stand the 


recommended temperature. 
out in the preheat period. 


Structural changes apt to occur in service are also brought 


Spalling resistance is believed to depend on a number of factors including mechani- 
cal strength, nonvitrified structure, and absence of marked reducing conditions in use. 
Chemical constitution of the brick, for any definite temperature, is believed to be of less 
importance than some of the physical properties. 


|. Introduction 


The problems of production and utilization of 
the group of lightweight-insulating materials 
known as insulating brick and insulating fire 
brick are of rather recent origin. Test data are 
not always readily available; even when avail- 
able, the results are not always acceptable to all 
parties concerned, because tests for all the various 
physical properties are not standardized. The 
only properties that can be reported at present 
according to A.S.T.M. standards are compression, 
flexure, and shrinkage. These three tests are in- 
cluded under the A.S.T.M. tentative test index 
C93-34T. 

Resistance of insulating fire brick to spalling is 
a property of great importance. This is espe- 
cially true when designing certain types of fur- 
naces. With increasing numbers of insulating 
fire brick on the market, the problem resolves it- 
self into selecting a brick that will conserve the 
optimum of heat and, at the same time, will not 
break down due to spalling after the furnace has 
been in operation. 


Il. Tests Used to Evaluate Insulation as to Spalling 
Resistance 

Very little has been published on test methods 
for evaluating the resistance of insulating ma- 
terials to spalling. Certainly a number of differ- 
ent tests have been evolved, for the writer has 
knowledge of several procedures used at differ- 
ent places as a means of comparison. 


* Paper No. 3 in the Symposium on ‘“‘Refractories Test- 
ing.’’ Received December 1, 1936. 


The simplest test probably is that of placing 
a whole brick (9 by 41/2 by 2'/: inches) in a heated 
furnace and removing it to air-quench after a 
period of time. Another test is to air-quench 
the brick after a heating period in a furnace 
similar to the one used for water-dip spalling of 
fire brick. A third test consists of actually water- 
dipping the heated ends of the brick after a man- 
ner similar to the water-dip method (A.S.T.M. 
designation C38-27T). In this latter procedure 
the heating temperature has been varied accord- 
ing to the recommended temperature limit of the 
insulating brick. 

Panel-type spalling tests have also been used. 
Some of these are conducted without a preliminary 
preheat period. Some use air alone as the cooling 
medium. Other panel-type spalling tests have 
been made, whereby the heated face of the panel 
is sprayed with water to cool it. 

In analyzing these different types of tests, a 
number of points will be noted. In the first 
test, where the specimens are placed in a hot 
furnace and then are air-quenched, a crack 
usually occurs in the brick after several treat- 
ments. When the crack occurs so that the brick 
is divided into two pieces, roughly 4'/2 by 4!/2 by 
2!/, inches, the test can no longer be continued on 
a fair basis since, in service, spalling ordinarily 
occurs on the face exposed to the heat. The writer 
has tried, without success, to correlate test data 
obtained by this method with behavior in service. 
When the brick are heated on the ends only 
and air-quenched, the data are more reliable, 
although still not accurate enough to permit 
correlation with service behavior in many cases. 
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Panel Spalling Tests on Insulating Brick and Insulating Fire Brick 


Fic. 1.—Rear view of assembly showing burners; blower 
boxes for cooling test panels are at either side. 


Water-dip spalling tests on porous materials 
are open to the criticism that the brick absorbs 
a large quantity of water during the period of 
immersion. This water is retained and when 
the brick is returned to the furnace to be heated 
for the next cycle it may be partially disrupted 
by sudden generation of steam within the porous 
structure. This is likely to happen with materials 
that have fine pores and with some of the products 
that have a minimum of intercommunication be- 
tween individual voids. 

The panel-type spalling test using water alone 
as the cooling medium is subject to the criticism 
that porous insulating fire brick become wet un- 
less the quantity of spray is carefully regulated. 
Tests have been conducted in which the brick 
become visibly wet during the cooling period. 
When this happens, the water in the brick is 
likely either to disrupt the brick because of sudden 
steam generation or to prevent the brick from 
heating properly during the next cycle. Im- 
proper heating may be caused by the brick ab- 
sorbing so much water that it is not all volatilized 
during the heating period. In this event, it is 
highly possible that different brick actually may 
be tested under different conditions, depending 
on their rates of absorption. The extreme of 
such a case would be a brick absorbing so much 
water during the cooling cycle that it would not 
all be driven off during the heating cycle. The 
temperature in this hypothetical case would not 
exceed 212°F so long as water were present in 
the heated face. 

It was decided that a spalling test, suitable 
for evaluating insulating brick and insulating 
fire brick, should embody a preheating period 
from which the effect of the heat could be noted. 
The cooling or spalling treatment finally decided 
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upon for preliminary trials was one using air at 
room temperature for the cooling medium. 


Ill. Description of Test Equipment 
The furnace designed for these tests was 
modeled after the spalling unit described in 1931.! 
A combination preheating and spalling furnace 
was made of this one unit as it was not contem- 
plated that it would be used for large numbers of 
tests. There is no doubt that the special preheat 
furnace described by the authors! is economical 
to use where a considerable amount of testing is 
to be conducted, but for the number of tests con- 
sidered it was deemed satisfactory to utilize the 

single unit both for preheat and spalling. 
The furnace is substantially the same in dimen- 
sions as described.!_ When used as a preheating 
unit, target brick are set several inches from the 


Fic. 2.—Checkerwork in place for spalling; the 
thermocouple hot junction is placed to read tempera- 
ture approximately 2 inches in front of test panel. 


burner to act as a baffle and to prevent direct 
impingement of the flame on the test panel. 
Figure 1 shows a rear view of the furnace and 
the arrangement of the burners and blower boxes. 
There is a small peep-hole in the rear wall and one 
small outlet at each side that can be adjusted. 


1S. M. Phelps, S. M. Swain, and R. F. Ferguson, ‘‘Ser- 
vice Spalling Test for Refractories,’’ Jour. Amer. Ceram. 
Soc., 14 [5] 389-402 (1931). 
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Fic. 3.—View of assembly showing the two frames 
not connected; note the monorail for sliding panels 
back and forth. 


The temperatures are usually near 2200° and 
higher so that fairly good heat distribution is 
obtained without any flue system. 

Figure 2 shows the furnace interior with the 
checkerwork set as used during the spalling 
cycle. The checkers keep the flame from striking 
the test panel and at the same time allow for heat 
storage during the heating and cooling cycles. 
The thermocouple to record temperatures is placed 
about two inches from the hot face. Optical 
pyrometer check readings indicate that this tem- 
perature is representative of the temperature of 
the test panel. 

Figure 3 shows the furnace with one frame 
filled with test brick and the other frame empty. 
It should be noted that the frames slide back and 
forth in front of the furnace on rollers. A roller 
device on the lower part of the frame forces the 
bottom of the frame 
away from the furnace 
as soon as the panel is 
moved in either direc- 
tion from in front of 
the checkerwork. This 
eliminates the rubbing 
of the test assembly 
across the face of the 
test furnace. 


Fic. 4.—Blower box to Figure 4 is a view 
direct stream of air against of one of the two 


ne blower boxes showing 
the fins to distribute cooling air over the face 
of the test panel. The volume of air used is 
1400 cubic feet per minute and the tempera- 
ture is usually around 70°F or atmospheric tem- 
perature. The two blower boxes are connected 


into a tee so that by slide valves the air may 
be delivered to either box. 

Figure 5 is a view of the furnace during the 
spalling test. The two frames are connected 
together to move as a unit. 


IV. Test Procedure Used 

Two test piers five brick high are built into 
each frame as shown in Fig. 6. The two brands 
for test should be as nearly alike as possible to 
insure even heat flow through the test panel. 
Kaolin is used as a thin mortar in laying up the 
brick. The five test specimens of each brand 
are kept back about !/, inch from the guard 
brick at the edges of the framework. No spring 
pressure is used. 

For the preheat, the test panel is placed against 
the front of the furnace and a low flame is applied 
to dry out the assembly. This consumes several 


Fic. 5.—View showing two panels connected to move 
as a unit during spalling cycle; note adjustable con- 
nector between frames at top. 


hours. When the brick are dry, the rear side 
of the panel is backed up with 4!/2 inches of in- 
sulating brick as closely similar to the test brick 
as possible. These “back-up” brick are placed 
to fit tightly without mortar. The furnace is 
then heated with as near neutral firing conditions 
as possible so that it attains a predetermined 
temperature in about 6 to 8 hours. The furnace 
is then held at this temperature for a 24-hour 
period to insure a thorough soaking on the face 
of the test panel under neutral or slightly oxidizing 
conditions. After the preheat period, the gas is 
shut off and the panel is allowed to cool in place, 
after which it is removed for examination and 
photographed. Any shrinkage or crack forma- 
tions are noted. 
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V. Spalling Procedure 

After one such preheat period, for each of two 
frames (4 test panels), the brick are ready to be 
spalled. The ‘‘back-up’’ insulation (41/2 inches 
thick) is removed. The panels are moved on the 
monorail to either side 
of the furnace and a 
“dummy” panel is 
hooked in place. The 
furnace temperature 
used to spall the in- 
sulating materials is 
2000°F unless other- 
wise specified. As soon 
as the required tem- 
perature is reached, 
the ‘‘dummy”’ is removed quickly and the first of 
the frames is rapidly moved into place in front of 
the furnace. The two frames are then hooked 
together and the position is reversed every ten 
minutes, alternately placing the brick in front 
of the heat source and the cooling unit which blows 
air on the face at the rate of 1400 cubic feet per 
minute. 


FIG. 


6.—-Appearance of 
panels on side to be exposed 
to the heat. 


VI. Examination of Spalled Panels 

At the completion of ten cycles of heating and 
cooling, the brick are allowed to cool in the frames, 
and the panels are again carefully examined and 
photographed. The panel is next carefully dis- 
mantled, the spalled pieces are broken off by 
gentle thumb pressure, and the total loss is meas- 
ured by the percentage loss in weight. 


VII. Usual Findings 


The test as outlined usually produces a cer- 
tain amount of spalling from the face of the panel. 
In unusual cases the face may be sheared off to 
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Fic. 7.—Typical ‘‘stress’’ crack in tested insulating 
fire brick. 
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a depth of one inch. In other cases the brick may 
be cracked into six or more pieces. The more 
resistant brick sometimes exhibit little change. 
Usually it is readily possible to crack the brick 
so as to expose a 4!/2- by 2!/2-inch cross-section. 
This often occurs with the gentlest of pressure, 
indicating that in all probability the brick was 
cracked in the test before dismantling. These 
so-called stress cracks (see Fig. 7) are a manifesta- 
tion of spalling action, but are probably of small 
importance, since even if the brick in a structure 
do crack in this manner, they are usually tied in 
with mortar and do not fall out. This observa- 
tion is borne out by experience in dismantling 
industrial furnaces in which the side wall is in 


Fic. 8 (left)—Test panel that developed shrinkage 
cracks during the preheat period of 24 hours at 2200°F. 
Fic. 9 (right)—Test panel that developed open joints 
during the preheat period of 24 hours at 2500°F. 


excellent condition, yet the insulating fire brick 
contain stress cracks as indicated. The tendency, 
however, for the brick to crack in this manner 
during testing should always be noted. 


Vill. 


Information to Be Gained from the Preheat 
Period of 24 Hours 


The preheat is usually carried out at the rec- 
ommended temperature limit of the brick, but 
whatever the temperature selected, this treat- 
ment is of considerable value. It yields infor- 
mation as to whether or not the brick will stand 
the recommended temperature. It shows any 
tendency for shrinkage or surface vitrification. 
It brings out any distortion or crack formation 
likely to occur with an individual brand upon 
preheating. Figure 8 shows a test panel in which 
all the visible cracks developed during the pre- 
heat period, in this case 2200° for 24 hours. 

When shrinkage on the surface of brick does 
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occur, it apparently is greater for the 2'/2-inch 
dimension than for the 9-inch length. The reason 
for this apparent difference is due to the size of 
the test panels used. When the entire panel is 
laid with broken joint courses of a single brand 
of brick, the shrinkage of joints at the ends of the 
brick is just about the same as shrinkage between 


courses. The shrinkage between courses should 


Fic. 10.—4!/2- by 2!/2-inch cross-section 
of a tested brick; the top edge was exposed 
to the heat; note penetration of brick by 
darkened area and evidence of denser 
structure on heated portion. 


therefore be considered of more importance in 
the present test method than the shrinkage along 
the 9-inch length. Figure 9 shows a panel that 
displays shrinkage between joints and little or no 
shrinkage along the 9-inch dimension. 


IX. Structural Changes 

Upon dismantling the spalled panels, it is pos- 
sible to examine a cross-section of the brick to 
ascertain any structural changes and to note the 
depth of such changes. Figure 10 shows such a 
cross-section, and the structural change can be 
noted from the difference in color. It is also 
possible from this examination to determine the 
shrinkage and to note to what depth the shrink- 
age has taken place. 


Kerr 


X. Temperature Changes on Face of Test Panels 
during Spalling (2000°F) 

There can be considerable discussion of the 
proper temperature to use for the actual spalling 
test; 2000°F, however, was selected for all 
brick recommended at this temperature or higher. 
In certain instances where the recommended tem- 
perature limit is 1600°F, the preheat has been 
carried out at this figure and the actual spalling 
at 1500°F. 

When the heated panel is slid into position in 
front of the air blast, the hot side is a bright red 
color. The air blast chills this in a few seconds so 
that it is a dull color. A red glow, however, is 
still present behind the cooled face and can be 
seen back in the joints of the brickwork. This 
indicates a rapid thermal change in the “‘skin”’ 
of the brick. 

Explorations of temperature during the spalling 
cycle have been made on the face of the test panel 
in one instance. Holes were bored slantwise 
from the rear of the panel to distances of !/2 inch 
and 1 inch, respectively, from the heated face. 
The brick under test was a siliceous clay insulat- 
ing brick, weighing approximately 2'/, pounds per 
9-inch equivalent. 

One-half inch back from the tested face of this 
particular panel, the temperature was 1400°F. 
In the cooling cycle this dropped to 700°F, and 
when the panel was replaced it built up again to 
1400° at the end of the 10-minute heating period. 
One inch from the face the temperature remained 
rather steady during the period, varying from 
900° to 800°F and back to 900° again as the 
furnace was heated. Thus the further from the 
hot face, the smaller is the actual temperature 
change. 

The temperature within the furnace two inches 
in front of the test panel ordinarily shows about 
100°F fluctuations from 2000° to 1900° during 
heating and cooling. It is necessary, of course, 
to have the checkerwork as described for heat 
storage to maintain this condition within the 
furnace itself. 

The temperature of 2000°F for spalling all 
products recommended for use at this tempera- 
ture, or higher, is empirical. Subsequent tests 
may show that some other temperature is better 
adapted. It has produced spalling with certain 
types of brick, however, and it appears to give in- 
formation concerning some brick, which will be 
discussed later. 
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Fic. 11 (/eft).—Siliceous insulating brick showing good 
resistance. 

Fic. 12 (right).—Siliceous insulating brick showing poor 
resistance. 


XI. Typical Results Obtained 


Figures 11 and 12 show two highly siliceous in- 
sulating brick after spalling. The only difference 
in testing was in the preheat temperature used. 
The two brick are not of the same brand. 
One is fired higher than the other, the higher-fired 
product being given the higher preheat tempera- 
ture. The brick in Fig. 11 is more resistant to 
thermal change than the one in Fig. 12, although 
the chemical compositions of both are similar. 
The better behavior of the brick in Fig. 11 is be- 
lieved to be due to the “‘spongy”’ structure of the 
brick. 

Figures 13 and 14 show two insulating fire 
brick made of fire clay. The one in Fig. 13 
displays good resistance to spalling action in the 
test, while the sample in Fig. 14 spalled rather 
markedly under identical test conditions. 

The tests in Figs. 15 and 16 show two brands of 
aluminous insulating fire brick after test. One 
of these, Fig. 15, spalled appreciably while the 
other, Fig. 16, has developed only a crack. 

These three types of brick, siliceous, fire clay, 
and aluminous, have been presented to show that 
the spalling produced does not depend upon the 
chemical nature of the brick so much as upon 


Fic. 13 (left).—Clay insulating fire brick showing good 
resistance. 

Fic. 14 (right).—Clay insulating fire brick showing poor 
resistance. 
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other factors. If chemical constitution were the 
controlling factor it would be evident. In approxi- 
mately forty brands of brick tested, some brands 
either of siliceous, fireclay, or aluminous type have 
proved resistant, while others have failed badly. 

Figure 17 shows a brand that spalled badly in 
the test. The brick showed signs of partial 
vitrification in manufacture. It was markedly 
brittle and had a decided ring when struck. 

Figure 18 is an insulating brick composed of 
diatomite bonded with clay in which the pores are 
produced by burning out organic matter. This 
brick is extremely “‘spongy”’ as judged by feel and 
absence of marked ring when struck. In the 
spalling test it shows remarkable resistance to 
thermal shock. This brick is believed to be 
resistant because of its nonvitrified, spongy 
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Fic. 15 (left)—Aluminous insulating fire brick showing 
fair resistance. 
Fic. 16 (right).—Aluminous insulating fire brick showing 
very good resistance. 


structure. In all the resistant types of brick 
tested, this nonvitrified structure has been an im- 
portant factor in giving spalling resistance to the 
brick. 


XII. Influence of Weight on Resistance 

There has not been a thorough study made of 
the spalling of various weights of brick. Owing to 
different lots being from different manufacturers, 
it is difficult to compare results on a basis of 
weight. When the brick are grouped as light, 
medium, and heavy weight, there is a definite 
tendency for the heavier brick to withstand spall- 
ing action better as a class than the lighter brick. 
It is believed that the mechanical strength of the 
brick also has an important influence on the re- 
sistance of the brick to spalling action. 


XIII. Comparison with Fire Brick 
A side-light on the comparison of first quality 
fire brick and insulating fire brick, as to resistance 
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to spalling, has been obtained in the case of three 
rather well-known brands of fireclay brick tested 
under the same conditions as insulating fire brick. 
In the test conducted after a 24-hour preheat 
period at 2500°F, there was no perceptible spall- 
ing action on the fire brick nor were there any so- 
called stress cracks. 

Statements have appeared at various times to 
the effect that insulating fire brick have better 
resistance to spalling action than fire brick. 
The writer’s experience has been contrary to 
this. The mechanical spalling of a fire brick is 
unquestionably much less than for the light- 
weight brick. Structural spalling of fire brick in 
most cases is markedly lower at any given tempera- 
ture. This is due to the tendency of porous 
bodies, when reheated, to shrink more than fire 
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Fic. 17 (left)—Clay insulating fire brick showing 
excessive spalling in test. 
Fic. 18 (right).—Diatomite-clay insulating brick 
showing excellent resistance. 


brick. Thermal shock is believed to be less severe 
on fire brick, at least for the temperature at which 
the insulating fire brick have been compared. 

This statement is not made as an indictment of 
insulation, but with vital interest in the produc- 
tion and economic utility of insulating fire brick. 
The final answer when comparing fire brick with 
light-weight brick is that in many installations 
the insulator gives a long life and, more impor- 
tant, it often enables a furnace to be run under 
conditions impossible with the heavier fire brick. 
It also shows large fuel saving. All factors must 
be carefully balanced. The data are presented in 
the simple belief that it is unfair practice to claim 
advantages in insulating fire brick that are not 
borne out in tests or in actual comparative use in 
typical industrial furnaces. 


XIV. Influence of Reducing Conditions 
When the test is conducted with a furnace at- 
mosphere which contains a visible amount of 


excess gas, there is an appreciable darkening on 
the face of the panel, due apparently to the re- 
ducing atmosphere. Shrinkage is also greater 
than when a neutral or slightly oxidizing condition 
is maintained in the furnace. While specific 
test data are lacking to show the exact effect of 
the atmospheric conditions in the furnace or the 
resistance of various brick to spalling, the observa- 
tions which have been made in the course of this 
work indicate that the reducing atmosphere 
evidently has the effect of higher temperature 
and that spalling may be expected to be more 
severe when reducing conditions are encountered. 


XV. General Summary 

The preheat temperatures used have been those 
recommended as the top temperature limit of the 
brick. It is advocated that this temperature be 
not exceeded because insulating brick, as a class, 
are more affected by overfiring than are the more 
dense fire brick. 

The chemical constitution of the brick, for any 
definite temperature, is believed to be of less im- 
portance than some of the physical properties. 

A spongy structure is desirable. To be most 
effective, it must be coupled with good mechanical 
strength in the insulating fire brick. 

In general, the heavier brick exhibit better 
spalling resistance. No insulating fire brick have 
been found to withstand spalling so well as fire- 
clay refractory brick at test temperatures of 
2500°F. 

Reducing conditions during the preheat period 
probably influence spalling resistance 
adversely. 

The findings by this test procedure check fa- 
vorably with the writer’s observation of a num- 
ber of test installations of various insulating 
brick and insulating fire brick. The data pre- 
sented herein as well as the test procedure and 
apparatus are subject to criticism and change. 
They are simply presented to show that a spalling 
test for high-temperature insulating brick has 
been devised that at least divides the materials 
into three general classes, (1) good resistance 
to spalling, (2) medium resistance to spalling, 
and (3) poor resistance to spalling. 
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PRACTICAL SERVICE TESTING OF REFRACTORIES FOR ALLOY STEEL MELTING * 


By Epwarp E. CALLINANt AND GILBERT SOLERf 


ABSTRACT 


The relation between the proper selection of refractories and the economics of steel- 
plant operation and steel qualities is presented. The practical utilization of laboratory 
and service tests is emphasized and the influence of various factors found at the location 
of the service test and the requirements of these locations are discussed. Examples of 
methods of conducting service tests in open-hearth and electric furnaces and in pouring 


pits are illustrated. 


I. Introduction 

Service testing in the steel industry greatly ante- 
dates any laboratory testing done by the con- 
sumer. Little has been written about this im- 
portant phase of testing procedure because of the 
difficulty in standardizing methods and also be- 
cause of the dissimilarity of test conditions in 
different plants. These difficulties are present to- 
day. In recent years, however, many steel pro- 
ducers have installed facilities for conducting lab- 
oratory tests to check and supplement the data 
furnished by the refractories producers. The per- 
sonnel operating such departments has recognized 
the value of properly interpreted service tests and 
has assumed the responsibility of conducting these 
tests in a logical and reliable manner. 


Il. Economics of Refractories Application 

A close relationship exists between refractories 
and the economics of steel production. Long 
refractory life results in low refractory cost per 
ton of steel produced. Furthermore, a refractory 
having a long life requires less attention, avoids 
expensive shut-downs, and permits longer, unin- 
terrupted furnace campaigns. Insome plants, fur- 
nace time is rated at $1.00 per hour per ton or 
$100 an hour on a 100-ton furnace, which indi- 
cates the expense even of minor delays for re- 
pairs. 

Another economic aspect of refractories that 
must be considered is their effect upon the quality 
of the steel. They may affect quality by direct 
contamination, by physical or chemical effect, or 
by their effect on the mechanical manipulation 
either of the molten or hot plastic steel. 

For example, a nonmetallic fireclay inclusion 
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no larger than a pin-head may ruin a gear and the 
cutter tool as well. The loss in such a case in- 
cludes not only the piece of steel and the cutter 
tool, but also all of the time expended in heat 
treatment and processsing, not to mention the 
still further loss involved in setting up a replace- 
ment. All of these factors must be considered 
when conducting service tests in an alloy steel 
plant. 


Ill. The Value of Laboratory Testing 

Laboratory tests on two comparable products 
may show that each has points of superiority. In 
this case actual service tests will indicate which of 
the two meets plant needs most satisfactorily, and 
this information may facilitate the choice in an- 
other similar problem. The writers feel that ser- 
vice tests supplement, but do not replace or 
minimize, the value of laboratory testing. 


IV. General Testing Procedure 

At the writers’ plant, a preliminary inspection 
is given all refractory shipments before the ma- 
terial is unloaded, noting general appearance, tex- 
ture, warpage, and condition after shipping. As 
condition is affected by packing and train han- 
dling, a quick practical test that can be applied in 
any plant is to run some of the brick down a roller 
conveyer. The results at times are surprising. 

After unloading, samples are inspected in the 
laboratory for uniformity of texture, lamination, 
warpage, and trueness of dimensions. _If neces- 
sary, certain laboratory tests are made. Regular 
first-quality brick for ordinary service may be 
given a pyrometric cone equivalent (P.C.E.) test 
and a combined reheat and pellet slag test. If 
these results are satisfactory, the brick are further 
checked in service. When the service test is com- 
pleted, the brick are again examined closely and 
often a petrographic analysis is made. X-ray 
diffraction apparatus also is available. Service 
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Fic. 1.-Open-hearth burner port after furnace campaign. 


test data are recorded on standard forms to facili- 
tate analysis of results and comparison between 
materials. 


V. Examples of Service Tests 
Service testing is an individual problem in each 
plant, for conditions vary considerably. There- 
fore, in reviewing the following examples, it must 
be realized that they represent tests which have 


Fic. 2.—Bulkhead in end wall of open hearth after 
furnace campaign showing effect of flame impingement and 
slag erosion. 


been found practical only for conditions in this 
plant, and may not necessarily apply in any other 
plant. Furnace design, combustion conditions, 
temperatures, and the manner of processing in the 
furnace affect the brick. These facts must be kept 
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Fic. 3.—In the slag pockets, slag is deposited to a depth 
of 5 to 6 feet during the course of a furnace campaign. 


in mind when correlating and studying service- 
test data. Each alloy steel plant has its own par- 
ticular problems and, consequently, satisfactory 
refractory life in one plant does not assure equally 
good results in another. 


(1) Service Tests in Open-Hearth Furnaces 

Open-hearth furnaces lend themselves quite 
readily to service tests because there are several 
places where brick may be installed for testing 
without serious danger of interrupting furnace 
operation. Burner ports, bulkheads, slag pockets, 
and checker chambers offer excellent opportunities 
for test installations. 

(a) Burner Ports: The resistance of neutral or 
basic brick to slag erosion at high temperatures 
may be tested easily in burner ports (see Fig. 1). 
Test brick may be used as a facing on the burner 
dog house, for in case of failure a patch can be 
made with plastic material through a wicket hole 
on either side of the port. These holes also enable 
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Fic. 4.—Interior of a checker chamber which had not been 
cleaned during the entire furnace campaign. 


observations to be made throughout the duration 
of the test. 

(b) End-Wall Bulkheads: "End-wall bulkheads 
provide a severe test for silica, basic, neutral, and 
super-duty brick which are designed for resistance 
to slagging at high temperatures and erosion by 
slag-laden flame and gases. A special advantage 
of this location is that test brick may be removed 
at any time for further study without interfering 
with the furnace campaign. Figure 2 illustrates 
such a test. 

(c) Slag Pockets: The false inner wall and bulk- 
heads of slag pockets offer a good position for 
testing the effect of slag penetration on silica and 
fireclay brick. Even though temperatures may 
not be so high in this location as in the upper fur- 
nace sections, the test brick are subjected to a 
long soaking action while exposed to the slag and 
heat. Figure 3 will give an idea of these condi- 
tions. 

(d) Checker Chambers: Service tests are easily 
made in the upper courses of checker chambers. 
In a well-designed checker chamber, failure of the 
brick is usually due to slag action, and it should 
be noted that temperature and the presence of a 
reducing atmosphere may increase the severity 
of the action. Here again, test specimens can be 
easily observed or removed for inspection. Figure 
4 illustrates the conditions that exist in a checker 
chamber. 


(2) Service Tests in Electric Furnaces 

Considerable difference exists between electric 
furnace conditions and those in open hearths. 
Temperatures here are sharper and more concen- 
trated while a reducing slag is encountered during 
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The furnace atmos- 
phere is reducing and a comparatively high pres- 


the greater part of the heat. 


sure is built up in the furnace. Flux-laden gases 
rise through the electrode holes, subjecting the 
ring brick to severe slag erosion. 

(a) Roof Rings: The separately turned ring 
arch around each electrode is subject to the most 
severe service of any point in the furnace roof. 
Here are encountered the problems of slag attack 
and spalling, and as the brick can be watched 
throughout the roof campaign, these rings offer an 
ideal spot for service tests, particularly as the 
roof may be removed before complete failure oc- 
curs. Figure 5 shows how brick around the elec- 
trodes are attacked. A photomicrograph of a 
thin section of a super-duty type fireclay brick 
which had been used in an electrode ring revealed 
the glassy slag phase in which were found well- 
defined octahedra of hercynite (FeO-Al,O;) and 
mullite needles. Chemical analysis of the slag 
was as follows: 


CaO 4.10% FeO 15.90% 
SiO» 37.42 MnO 1.29 
Al,Os 39.94 MgO 3.12 


The original brick composition was approximately 
Al,O; 43% and SiO: 52%. This brick was peculiar 
in that there was no evidence of any slag penetra- 
tion beyond the surface of the brick, the slag 
being present only as a very thin layer. Only 
about one-quarter of the original brick remained, 
however, after a life considerably shorter than that 
obtained with regular silica brick. Since the 
presence of 10% or more of alumina prevents the 
formation of the two immiscible liquids in the 
systems CaO and FeO-SiOkz, it appears that violent 
fluxing occurred on the surface of the brick, re- 


Fic. 5—Electric furnace roof removed for rebuilding, 
showing erosion of electrode rings. 
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Fic. 6.—Two types of basic brick installed in electric 
furnace back wall for testing. 


sulting in the formation of a thin liquid phase 
which was quickly removed by the mechanical 
erosion of the gases and thus constantly exposed 
a fresh brick surface to the slag attack. 

This illustration indicates the value of examin- 
ing refractories after they have been in service. 
It helps to determine why and how failure oc- 
curred. When more data are available on the 
system FeO-Al,0;—SiO2, the reactions involved in 
the above example may be better understood. 

(b) Back Walls: An electric furnace back wall 
above the tap hole is subjected to attack by liquid 
slag and steel when the furnace is tilted for tap- 
ping. During the heating period, this portion of 
the furnace is subject to severe spalling condi- 
tions. Basic brick can be tested in this location, 


Fic. 7.—Same back wall as in Fig. 6 showing effect of slag 
and steel during the furnace campaign. 


as their condition may be observed through the 
charging door in the front wall of the furnace. 
Figures 6 and 7 show conditions before and after a 
service test of this nature, while Fig. 8 shows a 
test furnace after a campaign. 


(3) Service Tests in the Pouring Pit 

It is comparatively easy to test pouring-pit 
refractories, since, with the exception of ladle 
brick, they are used only during a single heat. 
Service tests furnish valuable information on 


Fic. 8.—Small electric furnace after a test, showing condi- 
tion of the bottom and the lining. 


nozzles, sleeves, stoppers, plugs, hot tops, and 
ladle brick, and the results have an important 
effect on the quality of the steel. Action of the 
steel on these refractories being particularly 
severe, there are great possibilities of entraining 
nonmetallic inclusions from these sources Such 
inclusions have the least time to rise out of the 
steel because solidification takes place soon after 
pouring. 

(a) Nozzles: As nozzles are the most important 
reiractory units used in the pouring pit, it is im- 
portant that they be studied carefully. The noz- 
zle isan orifice which determines the velocity of flow 
of metal from the ladle tothe molds. The cutting 
out or building up of the nozzle, together with the 
ferro-static head and the viscosity of the metal, 
varies the rate of pouring, which has marked 
physical and chemical effects on the surface and 
interior of the ingot. Many investigators believe 
that nozzles are the chief source of harmful non- 
metallic inclusions. 

Accurate records must be kept when a nozzle is 


Fic. 9.—Double pour basket in which two different types 
of nozzles were tested; note also effect of stream erosion on 
bottom lining. 


subjected to a service test. The original dimen- 
sions must be taken carefully and the orifice must 
be measured at regular intervals during the pour- 
ing operation. The time required to pour each 
ingot should be noted with a stop-watch, as it 
will indicate the rate of erosion or build-up of the 
nozzle orifice. Any tendency to spray or crack 
and dribble and its extent should likewise be 
noted. After removal from the ladle, the used 
nozzle should again be examined and measured. 
Such detailed data are of far greater value than 
the casual opinion of the operator that the nozzle 
“worked all right.” 

Double pour baskets offer an excellent oppor- 
tunity for subjecting nozzles to service tests as the 
ferro-static head is held constant and the two 
nozzles may be compared under identical condi- 
tions. In case of failure, pouring can be continued 
from the main ladle without losing any metal. 
Figure 9 shows a double pour basket in which two 
different nozzles were tested and also illustrates 
the erosive action of the stream of metal from the 


Fic. 10.—Before and after views of unsatisfactory nozzle. 
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main ladle; Fig. 10 pictures a nozzle which did 
not stand up well in service; and Fig. 11 shows a 
nozzle that gave satisfactory service. 

(b) Sleeves and Stoppers: Preliminary service 
tests on sleeves and stoppers may be made in a 
double pour basket, where service is not so severe 
as in a large ladle and consequently the danger of 
a failure is not so great. Laboratory tests should 
precede service testing and, if it appears that the 
material being studied has possibilities, one of the 
stopper rods may be equipped with the new ma- 
terial while the other is fitted with the standard 
sleeves ordinarily used. Detailed measurements 
should be taken and the rod carefully inspected 
before and after the test, noting the degree of 
vitrification on the outer surface of the sleeves 
and the depth of steel penetration. Equal care 
should be used in examining the stoppers, and the 
bolt and pin assembly should be examined to de- 
termine the degree of heat penetration through 


Fic. 11.—Before and after views of satisfactory nozzle. 


the refractory. Figure 12 shows a small ladle just 
emptied but with the sleeves and stopper still in 
place. 

(c) Ladle Brick: The entire ladle, including the 
bottom, should be lined with test brick when mak- 
ing service tests of ladle brick. Frequently the 
bottom will fail first, because erosion is more severe 
and because that area is subjected to greater 
mechanical abuse when the ladle is inverted to 
remove skulls. Accurate records must be kept 
of the number of heats poured into the ladle, and 
allowance must be made for the type of steel 
poured, its temperature, and the length of time 
the steel stands in the ladle as well as the time re- 
quired to empty the ladle. The brick should be 
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examined closely and measured as soon as the 
ladle goes out of service, and any differences noted 
between the condition of the brick used on the 
bottom and those used in the side wall. The ladle 
brick must not be rated entirely upon the number 
of heats it remains in service. The time the ladle 
is taken out of service for relining is dependent on 
the operator’s judgment, and frequently he may 
be over-cautious and have the lining removed be- 
fore it has given its ultimate service. 


Fic. 12.—-Small ladle just emptied, showing all refractories 
in place. 


(d) Plugs and Hot Tops: Because these parts 
are used only once and affect only a single ingot, 
service tests may be made comparatively easily. 
To judge the comparative worth of refractories 
used for these parts, however, it is essential that 
detailed records be kept. These should include 
notations as to size, direction, and character of 
cracking and lamination, the tendency to spall 
when placed in the mold as well as when subjected 
to heat shock, the depth of fluxed area, and the 
ease of stripping from the ingot. Information as 
to how these parts were manufactured should be 


available, for the process used may have a definite 
bearing on the utility of the product. This infor- 
mation, plus the laboratory data, will enable those 
in charge to make an accurate appraisal of the 
value of different plugs and hot tops. 


VI. Summary 

Good judgment must be used in evaluating 
service test data and applying the results to other 
applications. Casual visual inspection is risky, 
for what may apparently be a minor item in a test 
application may be of critical importance in an- 
other case where conditions are more severe. 
Single tests are also not dependable; e.g., what 
may be a good ladle brick in a small ladle used for 
a certain type of steel may prove entirely unsuited 
for use in a larger ladle used for several types of 
steel. Variations in furnace practice in making 
different kinds of steel may further complicate the 
problem of evaluating the furnace refractories. 
Consequently, if preliminary laboratory and ser- 
vice tests indicate that a refractory may be satis- 
factory, testing should be continued over a period 
of weeks or even months so as to include a wider 
range of service conditions. Changes should be 
made with caution, for the quality of alloy steel 
depends in a large measure upon the refractories 
used in the furnaces, ladles, and ingot molds. 

McCaughey! has repeatedly called attention to 
the importance of studying refractories after ser- 
vice. Combining preliminary testing with service 
testing and subsequent analysis and study of the 
refractories in the laboratory will furnish valuable 
information to the manufacturer of refractory prod- 
ucts as well as to the steel producer. Both are 
interested in improving the quality of their prod- 
ucts and both will gain through the solution of 
the problems which confront the steel producer. 


TIMKEN ROLLER BEARING COMPANY 
STEEL AND TUBE DIVISION 
CANTON, OHIO 


1W. J. McCaughey, Dept. of Mineralogy, Ohio State 
University, Columbus, Ohio. 
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NAVY DEPARTMENT METHOD OF TESTING REFRACTORY LININGS FOR 
NAVAL BOILERS* 


By F. M. McGeary 


ABSTRACT 


Brief comments are made on the reason for special tests of refractory linings for 
Naval boilers. An outline is given of the service spalling test developed by the Refrac- 
tories Fellowship, Mellon Institute, now Tentative A.S.T.M. Standard G-38-34T. A 
complete description of the Navy Department’s adaptation of this test, with illustrations 
and a discussion of its results, are presented. Possible errors owing to instruments and 
personnel are shown. The results indicate that a test designed to cover this special- 
ized service is a necessity to the Navy and might be desirable for all large users of re- 
fractories. The work factor method of evaluation is briefly outlined. 


|. Introduction 

Of the several factors in the destruction of fire- 
clay linings of Naval boilers, fusion and spalling 
are most important. Slagging is relatively un- 
important since all of the present boilers are oil- 
fired. Some slag does form on the refractory sur- 
face exposed to the gases, but due to the low ash 
content of Naval fuel, it forms slowly and is gen- 
erally not particularly harmful. After long use, 
slag penetration may become noticeable. By 
this time, however, failure of the wall probably 
will have occurred from other causes, such as 
spalling, failure of the joint material, shrinkage 
cracking, bloating, or fusion. It is of primary im- 
portance to the Navy to have tests of fireclay 
brick which will assure maximum resistance to 
the temperatures that may be encountered in 
service and maximum resistance to spalling action 
resulting from rapid changes in the firing rates. 
It is not uncommon in Naval practice to change 
from about 260,000 B.t.u. per cubic foot furnace 
volume per hour to about 26,000 B.t.u. per cubic 
foot furnace volume per hour, or vice versa, as 
fast as the operators can cut out or cut in the burn- 
ers. Shrinkage cracking can not be neglected. 

Naval boilers have relatively small furnace 
volumes and the maximum amount of heat re- 
lease. Space and weight are always at a premium. 
Standard wall construction is 4!/2 inches of dense 
fire brick backed up by 2!/2 inches of 2500°F in- 
sulating brick and 1 inch of 1500°F insulating 
block or board. The wall is anchored to the casing 
by a series of bolts which extend through the in- 
sulation, with the heads embedded in the fireclay 
brick about three inches from the fire. Under full 
power conditions, the brickwork exposed to the 
flame must be capable of withstanding 3000°F. 


* Paper No. 5 in Symposium on “‘Refractories Testing.” 
Received April 6, 1937. 


Under this condition, the mean temperatures are 
about as follows: fireclay brick 2650°F, insulating 
brick 1700°F, and insulating board 650°F, with 
a casing temperature approximately 200°F. A 
condition such as this will not usually be found in 
shore installations and probably will not be en- 
countered in any other marine installation except 
those that are using the ‘‘Express’’ type of boiler 
similar to those used by the Navy. 

Oil fuel was introduced into the Navy during 
the early part of the century, and just prior to the 
World War had displaced coal as a fuel for future 
Naval vessels. Oil fuel brought forward several 
problems, not the least of which was refractories. 
It quickly became apparent that brick on the 
border line between first and second quality would 
not do for this service. Engineers at the Fuel 
Oil Testing Plant, now the Naval Boiler Labora- 
tory at the Navy Yard in Philadelphia, where all 
fuel-oil and refractory problems are studied, de- 
signed probably the most “‘cussed’’ method of test’ 
in the history of refractories testing, 7.e., the old 
Navy Simulative Service test (Fig. 1). This test 
was purely comparative, an unknown quality be- 
ing tested against a known quality. Comparative 
tests, which depend upon the personal equation, 
are always objectionable and this method was no 
exception. The Navy always recognized the limi- 
tations of the test, but because purchases of fire- 
clay brick had to be made on a competitive basis, 
the use of the test was compulsory because no 
other satisfactory means of testing was available. 


Il. Service Spalling Test 
The service spalling method of test was de- 
veloped by the Refractories Fellowship, Mellon 
Institute, to replace the water-dip spalling test.! 


1S. M. Phelps, S. M. Swain, and R. F. Ferguson, 


“Service Spalling Test for Refractories,’ Jour. Amer. 
Ceram. Soc., 14 [5] 389-402 (1931). 
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““ The occasional loss of large pieces rather than a more 
gradual spalling must be expected in any test conducted 
upon individual brick, as such cracking is caused by rapid 
thermal changes in a critical temperature zone and this 
often occurs some distance from the heated surface. The 
heating and cooling of the whole end of the brick, as in 
the case with these tests, are quite different from the con- 
ditions in practice where all thermal changes must take 
place by virtue of heat transfer through one surface only. 
It became obvious that, in order to duplicate the condi- 
tions which cause spalling in service, a section of a wall 
or arch should be treated. This idea led to the design 
and development of the service spalling test which has 
proved to be an outstanding test for refractories.”’ 


This conclusion indicates that the old Navy 
Simulative Service test was sound in principle and 
was the forerunner for the present Service Spalling 
Test for Refractories (A.S.T.M. Tentative Stand- 
ard C-38-34T). 

The ‘‘Service Spalling Test’’ consists of a pre- 
heating furnace, a spalling-heating furnace, and 
an air-mist duct with the necessary handling 


insulation of such thermal conductivity that the 
mean temperature of the insulation is approxi- 
mately 700°C (1292°F). When the preheating 
period has been completed and before the spalling 
period begins, the panel insulation is removed. 
The spalling period is conducted by alternately 
heating and cooling the panel. In each cycle, the 
panel is heated at 1400°C (2552°F) for 10 minutes 
and cooled for a like period in an air-mist blast. 
After 12 cycles of heating and cooling, the last 
two of which are air without water, the panel is 
dismantled and such pieces as separate easily are 
removed. No attempt is made to separate pieces 
that might be removed by prying or tapping. 


Ill. Development of Navy Spalling Test 
A reprint of the paper mentioned above! was 
brought to the attention of the Navy Department. 
The improved method of testing was recognized 
and steps were taken to adapt this method to the 
needs of the Navy. In studying 
the matter, it was apparent that 


2 
Insulation. the original design would have to 
: ne Seer be modified to permit the use of oil 
sighted into this tube. ‘ d of fuel. As hich 
TELL Insulotion. instead of gas uel. As higher tem- 
peratures were indicated, means to 


SECTION A-A, 


furnece Sor Conducting 
simul/otive Service rests 


permit of their use had to be pro- 
vided. Examination of samples of 


fire brick taken from boilers after 


continued use showed that the depth 


on insulation & relractory 
2 motéria/s. 


it 


of vitrification was about 1 inch. 
In order to obtain this depth, it 
was necessary to heat to 2900°F 
for 24 hours, followed by another 
24-hour period at 3000°F. This 
procedure was reversed, that is, 
heating at 3000°F first, followed by 
2900°F with similar results. It was 


| iN Al decided to make the higher tem- 
N 


perature run first, since many 
samples submitted for approval 
Lj would stand the lower temperature 
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and fail by fusion under the higher 
temperature. Making the higher 
temperature run first usually elimi- 


Fic. 1.—Furnace for conducting simulated service tests on insulation nated these before the end of the 


and refractory materials. 


equipment. A panel, consisting of two vertical 
rows of 9-inch straight brick with the 9- x 2!/.- 
inch faces exposed to the gas, is heated for 24 
hours at 1600°C (2912°F). During this preheat- 
ing operation the test brick are backed up with 


higher temperature run and saved 

time. The Navy vitrification test involves 24 

hours’ longer heating time at about 88°F higher 
temperature than the “Service Spalling Test.”’ 

The spalling procedure was also determined by 

trial and error. Panels were heated and cooled 
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for different intervals during the preliminary 
tests; the number of cycles was varied likewise 
over a range of 10 to 26 cycles. In testing brick 
considered to be satisfactory, it was found that 
10 cycles each, consisting of heating for 20 minutes 
at 2650°F and 20 minutes cooling with an air 
blast of high velocity, produced a degree of spalling 
sufficient for measuring and rated the brick 
reasonably well according to their known service 
performance. After the 10 spalling cycles, the 
panel was taken down, each brick separated, and 
all spalled fragments were removed by hand pres- 
sure. 

While this method introduces a personal ele- 
ment, which is undesirable, the uniformity of 
results justifies its use until some form of mechani- 
cal separation is developed. It furthermore is 
justified by the fact that when the guns are fired, 
these spalled fragments which do not separate 
of their own accord will come down, leaving a 
bare 2 inches of refractory protecting the anchor 
bolts and the insulation. Under full power con- 
ditions, this is not enough. The anchor bolts 
start melting and reacting with the brick to the 
complete destruction of the wall. 


IV. Navy Simulative Service Spalling Test 

The general arrangements of the present simu- 
lative service test furnace and equipment are shown 
in Fig. 2. After weighing, fourteen brick are 


REF TORY “TESTING 


TEST WALLS” 
SPALLING FURNACE 


“NOVERMEAD TRACK 


Fic. 2.—Diagrammatic sketch showing set-up for simulative service test. 


built into a panel as shown in Fig. 5. Joints are 
hand-rubbed and are made as thin as possible 
consistent with the uniformity of the brick and 
mortar. The mortar used is that furnished by the 
manufacturer of the brick, or if none is furnished, 
regular contract fire clay is used. The test brick 
are insulated with 2!/. inches of high-temperature 
insulating brick backed up with 1 inch of high- 
temperature insulating block or board. This 
gives a mean temperature in the insulation of 


DIAGRAMATIC SKETCH 

ING_ SET-UR 

SIMULATIVE SERVICE 
TEST 


SHOW 


about 1250°F, which compares favorably with 
the conditions in the ‘‘Service Spalling Test’’; it 
will be observed that the test-panel construction 
is identical with the Navy boiler-wall construc- 
tion. With the test panel in place, the burner 
is lighted off, and the temperature is raised slowly 
until 3000°F is obtained on the furnace face of 
the panel. This temperature is maintained con- 
tinuously for 24 hours and then lowered to 2900°F 
for an additional 24 hours. The furnace is fired 
with an air-atomizing fuel-oil burner (similar to 
those used in service) located at the front of the 
furnace. The flames and gases pass from the 
front to the rear of the combustion chamber, bend 
upward, spread fanwise to the sides of the furnace, 
sweep downward over the test panels, and escape 
through flues located below the combustion cham- 
ber. Uniform distribution of flame and gas is 
obtained by spacing and sizing of the exhaust 
ports. During the test, the following measure- 
ments are taken at 15-minute intervals: combus- 
tion-chamber temperatures by means of an optical 
pyrometer, test-panel furnace face temperatures 
by means of an optical pyrometer, sighting on 
the surface of the panel through an angled hole in 
the front of the furnace, and test-panel outer 
face temperature (inner face of the insulation) 
sighting through holes in the insulation. In addi- 
tion, furnace temperatures are taken by means of a 
recording radiation pyrometer sighting into a 
closed-end refractory tube project- 
ing into the furnace through an 
opening into the back wall. After 
the test run at 2900 °F, the furnace is 
allowed to cool to room tempera- 
ture. The test panel is removed 
from the furnace, examined for 
evidence of fusion, bloating, shrink- 
age cracking, softening, excessive 
volume change, and other defects, 
and it is then photographed as a 
permanent record. 

The general details of the spalling furnace and 
equipment are shown by Figs. 2 and 5. In this 
operation, the test panel with the insulation in 
place is subjected to 10 cycles of alternating heat- 
ing and cooling, each of 20 minutes’ duration. 
The heating temperature is 2650°F. The cooling 
period is high-velocity air at atmospheric condi- 
tions. During the heating cycle, the panel is 
attached to the furnace shown in Fig. 5, and dur- 
ing the cooling cycle to the apparatus shown in 
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Fig. 2. During the cooling cycle, the panel is 
3.87 inches from the duct which has an area of 
20 square inches. The static pressure is 1.22 
inches of water and the velocity pressure is 0.271 
inch of water. Delivery of the air with the panel in 


place is 5800 cubic feet per minute. 
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Fic. 3.—Refractory testing furnace. 


spalling test, the following temperatures are taken: 
combustion-chamber temperatures by optical 
pyrometer, furnace temperature by means of a 
thermocouple, and test-panel temperature by 
means of a thermocouple and optical pyrometer. 
In addition, furnace temperatures are taken by a 
recording-radiation pyrometer sighting into a 
closed refractory tube projecting into the furnace 
through the permanent side wall. After the tenth 
cycle, the furnace cools to room temperature, after 
which it is taken apart, brick by brick, and the 
spalled fragments are removed by hand pressure. 
After the spalled fragments are removed, the 
spalling loss is calculated in percentage by weight. 
High-heat duty brick will average about 18% 
spalling loss while super-duty brick average about 
7% spalling loss. 


V. Probable Errors in the Navy Test 
All tests have the probabilities of errors both in 
instruments and personnel and these tests are no 
exception. When a test involves a large sample, 
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Fic. 4.—Spalling furnace. 


McGeary 


as in this case and that of the “Service Spalling 
Test,”’ the errors are greatly reduced in effect, if 
not completely minimized. The following errors 
are believed to exist in the Navy Test: the 
error of determination in the optical pyrometer 
plus the personnel error may be considered to be 
+18°F. The radiation pyrometer is in- 
herently susceptible to many sources of 
error, but for a given furnace temperature, 
the readings are consistent and therefore 
this instrument is used for control purposes 
only. The accuracy of the temperatures 
measured with the thermocouple is con- 
sidered to be 25°F. These instruments, 
within their several errors, control the con- 
ditions of the test but they do not measure 
the results. 
Another source of error is that introduced in 
cooling the panel by variations in the quantity 
of air delivered, 7.e., variations in temperature of 
the outside air, relative humidity, and barometric 
pressure. 

Summing up, the principal differences between 
the method of testing refractories by the Navy 
and the method of test of the A.S.T.M. C-38-34T 
are as follows: 

(1) Fireclay mortar is used by the Navy in- 
stead of kaolin to lay up the test brick, creating a 
spalling loss approximately three times as much as 
with kaolin. 

(2) Somewhat less insulation is used in the 
Navy test. 

(3) Oil fuel instead of gas fuel is used. 

(4) The preheat test is run for 24 hours at 
3000°F and 24 hours at 2900°F, instead of 24 hours 
at 2912°F. This increases the depth of vitrifica- 
tion, particularly in brick which are just on the 
border line in quality. Reducing the time to one 
run of 24 hours would have little effect upon the 
superior brick but would materially favor the 
brick of poorer quality. 

(5) The spalling cycle is 20 minutes’ heating 
and 20 minutes cooling (4U0 minutes total time) 
with the insulation in place, instead of 10 minutes 
heating and 10 minutes cooling (240 minutes total 
time) with the insulation removed. 

(6) The number of spalling cycles is 10 instead 
of 12. 

(7) The cooling medium is atmospheric instead 
of air and water mist. 

(8) Spalled portions are removed by thumb 
pressure instead of by scraping the sides of the 
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brick with a trowel. This gives a spalling loss 
about two times as great as by scraping. 


VI. Navy Work Factor 

The government system of purchase requires 
that award of contract shall be made to the low 
bid in accordance with the specificaions of the pro- 
posal. Specifications 
are usually a compro- 
mise between what the 
purchaser would like 
to obtain and what 
the manufacturer is 
willing to agree to fur- 
nish. It is well known 
that all manufacturers 
of a given product do 
not produce the same 
quality of product in 
the same price range. To make it possible to 
obtain fire brick of the highest quality, the ‘‘work 
factor’? method of evaluating fire brick was de- 
veloped. This is based upon three factors, 
weight, refractoriness, and spalling. 

The work value for weight is based upon a value 
of 4.00 for a 4-pound brick which decreases at the 
rate of 0.20 for each 0.25-pound increase in weight. 
To provide for some lack of uniformity in clay 
products, one value is assigned for brick weighing 
between 4.00 and 4.25 pounds and another value 
for brick weighing between 4.26 and 4.50, etc. 
Upon this basis, a brick weighing 4.00 to 4.25 is 
assigned a work value of 4.00 and one weighing 
4.26 to 4.50 pounds is assigned a work value of 
3.80, etc. 
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Fic. 5.—Test panel. 
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Refractoriness is based upon an average of three 
P.C.E. determinations as the measuring medium 
confirmed by visual examination of the test panel 
after the heat test; P.C.E. 36 is assigned a work 
value of 4.00. As the P.C.E. value decreases, the 
work value decreases at the rate of 1.00 for each 
full cone. Upon this basis, P.C.E. 35 is assigned 
a work value of 3.00, and P.C.E. 34 to 35 is as- 
signed a work value of 2.50, etc. 

Spalling loss is based upon percentage by weight 
of the material which spalls or fractures from the 
test brick and is determined by the following 
formula: 


450 — % spalling loss? 


Work value = = 
50 


The work factor is then an average of the sum 
of the weight-work value, the refractoriness work 
value, and the spalling work value. The work 
factor of three brick weighing 8.00, 7.50, and 7.00 
pounds, respectively, having P.C.E. values of 
34, 33-34, and 33, respectively, and spalling-loss 
percentages of 4.00, 8.00, and 12.00, respectively, 
will be as follows: 


7 Ib. 


Weight 1.00 1.40 1.80 
eg 2.00 1.50 1.00 
Spalling 4.18 3.22 1.62 
Total 7.18 6.12 4.42 

he 


Av. or work factor 2.393 2.04 1.473 


This much difference has been found to exist 
in samples of brick tested from the same price 
range. 
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THE SOCIETY 
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CHIRTY“GHREE OF GHEM JN JULY 
1937 MEMBERSHIP RECORD 


| Members Paid | 
| Subscrip- | Monthly | Total 
Date of Record | Personal—Corporation Deferred tions | Sales | Circulation 

December 20,1936 | 1459 196 | | | 
January 20,1937. | 1478 199 | | 
February 93,1937 | 1579 210 19 | 515 | 990 | 9543 
March 29, 1937 1613 919 18 | 594 | 990 | 9587 
April 23, 1937 1517 99 | 485 990 460 
May 29, 1937 | 1541 909 | 95 | 501 | 99:0 | 9496 
June 22, 1937 1572 211 | 93 | 502 | 990 | 9598 
July 20, 1937 1607 919 | 90 | 506 | 990 | 9565 


Have you studied the Roster of Corporation Members given on pages 299-302 of the July 


issue of Lhe Bulletin? 


Have you solicited the firms of your acquaintance not on that list’? 


NEW MEMBERS 


Corporation 
* CANADIAN GENERAL ELeEctTRIC Co., Ltp., E. Rigby 
(voter), Peterborough, Ontario, Canada. 


Personal 

BeLow, HENRY, Westover, Morrisville, Pa.; 
tendent and ceramic engineer, Fulper Pottery. 

FRANTZ, SAMUEL G., 161 Grand St., New York, N. Y.; 
proprietor, S. G. Frantz Co. 

LASIER, EMERY L., Box 538 Main P. O., Niagara Falls, 
N. Y.; vice-president, Titanium Alloy Mfg. Co. 

McBurney, JoHN W., National Bureau of Standards, 
Washington, D. C.; technologist. 

MEYER, WILHELM H., Chodau near Karlsbad, Czecho- 
slovakia; managing director, Karlsbader Kaolin Electro 
Osmose A. G. 

Pace, GeorGcE A., Stockton Fire Brick Co., Pittsburg, 
Calif.; ceramic engineer. 

* Roya, HERBERT F., Champion Spark Plug Co., Ceramic 
Div., 8525 Butler Ave., Detroit, Mich. 


superin- 


* Indicates former member of the Society rejoining for 
1937. 


STEWART, D. WALLACE, 5003 Grosvenor Ave., Montreal, 
Quebec, Canada; general sales manager, Canadian Re- 
fractories, Ltd. 

* Westmont, O. B., Johns-Manville Products Corp., 
Lompoc, Calif. 


Student 


TURNBULL, JOHN E., Ohio State University. 
TURNER, WALTER M., University of Illinois. 


Membership Workers’ Record 


Corporation 
Office 1 
Personal 
C. M. Dodd 1 Office 3 
R. B. Sosman 5 
Student 
C. E. Bales 1 R. B. Sosman 1 
Grand Total 12 
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ROSTER CHANGES DURING JULY* 


Personal 

BAILEY, JAMES, 95 Steele Rd., West Hartford, Conn. 
(Hamburg, N. Y.) 

Berns, MiLton H., Abbott Rd., Hamburg, N. Y. 
dell, N. Y.) 

Biau, H. H., Corning Glass Works, Corning, N. Y. 
(Charleroi, Pa.) 

CrOSKEY, Cart D., 705 Allendale St., Baltimore, Md. 
(Blacksburg, Va.) 
CurtTIs, E., Simonds-Worden-White Co., N. Summit 
St. & Negley Place, Dayton, Ohio. (Columbus, Ohio) 
Dear, Paut S., Box 205, Blacksburg, Va. (State College, 
Pa.) 

Hazen, E. J., 316 Tenth St., Ford City, Pa. 
ning, Pa.) 

Horak, WILui1aM, Hartford-Empire Co., Hartford, Conn. 
(Hamburg, N. Y.) 

Kay, WitiiaM T., 1212 6th Ave., South, Seattle, Wash. 
(Mexico, Mo.) 

Kurz, WALTHER, 26 Waterbury Ave., Prince Bay, Staten 
Island, N. Y. (Newell, Pa.) 

LYLE, AARON K., 47 Cumberland Rd., West Hartford, 
Conn. (Hamburg, N. Y.) 

MELLOoR, J. W., 1382 Highlands Heath, Portsmouth Rd., 
London, S. W.15, England. (Stoke-on-Trent, England) 

SHARP, DoNALp E., 31 Cumberland Rd., West Hartford, 
Conn. (Hamburg, N. Y.) 

SLAUGHTER, JAMES A., 1129 Market St., Tarentum, Pa. 
(Elwood, Ind.) 

Smock, ALDEN W., 25 Norfolk St., Hartford, Conn. 
(Corning, N. Y.) 

TuRBETT, Forrest L., Eagle Picher Lead Co., Research 
Lab., Joplin, Mo. (Cincinnati, Ohio) 

WILLIAMS, ARTHUR E., 1510 Clarence Ave., Berwyn, III. 
(Urbana, III.) 

Wiuiams, Georce F., 14 Armistice Blvd., Pawtucket, 


(Blas- 


(Kittan- 


R.I. (Corning, N. Y.) 
Witson, ASHLEY F., 591 Ferry St., Newark, N. J. (Mont- 
clair, N. J.) 
Student 
BARRETT, LIONEL R., 61 Woodland Drive, Watford, 


Herts, England. (University of Illinois) 

DAMMANN, ARTHUR, Hamilton St., Amityville, N. Y. 
(University of North Carolina) 

HENDREN, ROBERT R., Cleveland Brick & Clay Co., 7511 
Jeffries Ave., Cleveland, Ohio. (Ohio State University) 

MASSENGALE, GORDON, Stephenson Brick Co., Cordova, 
Ala. (University of Alabama) 

Monr, JOHN G., 187 Kearney Ave., Perth Amboy, N. J. 
(Pennsylvania State College) 

SCHOEPPEL, NoRMAN, Ellis Grove, III. 
Illinois) 

TARNOPOL, MILTON S., 11 Mifflin Place, Cambridge, Mass. 
(Pennsylvania State College) 

Tomkins, Davin E., 501 Park Avenue, New Castle, Pa. 
(Pennsylvania State College) 


(University of 


* Address in parentheses is the old address. 


APPRECIATION OF HONORARY 
MEMBERSHIP 


The following note has been received from Reinhold 
Rieke, of Berlin, thanking the American Ceramic Society 
for the Certificate of Honorary Membership which was 
presented to him this year. 

“T wish to thank you very much for sending me the 
Certificate of Honorary Membership in the American 
Ceramic Society. 

“You know that the Society, in honoring me, has given 
me much pleasure, and the Certificate you mailed will 
always be a symbol of the tie existing between the German 
ceramic investigators and their American colleagues. We 
all have the same goal, to advance ceramic science and to 
place it at the service of the technical progress of our 
countries.” 


THIS YOU OWE TO YOURSELF 


WHY NOT WEAR YOUR SOCIETY KEY ? 


Keys can be supplied with the appropriate title for 
Members, Fellows, Student Members, or Corporation 
Members of the American Ceramic Society. 


The cost is $3.25 for a gold-filled and $6.50 for a solid 
gold key. Address all orders to the American Ceramic 
Society, 2525 N. High Street, Columbus, Ohio. 
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PRESIDENT‘’S PAGE 


CERAMIC BONDS 


A year or two ago after Morey had presented his lecture 
on ‘‘Glass as the Bond in Ceramics,”’ I was guilty of para- 
phrasing the well-known hymn that we used to sing to the 
old tune called ‘“Ripon”’: 


Glass be the tie that binds 
Our ’arts in Christian love. 


Bad as the pun is, the couplet states with almost scientific 
exactness what it is that binds together the diverse ele- 
ments of the American Ceramic Society. The one thing 
that we have in common is that all our products contain 
as their strength-giving constituent a silicate which has 
been heated to a high temperature. I doubt whether even 
Morey can successfully maintain the thesis that this bond 
is always a glassy silicate, for in some instances it crystal- 
lizes, either because it is held long in the crystallizing range 
of temperature or because it is low in silica and so can not 
be easily quenched to the vitreous state. But in nine in- 
stances out of ten it is vitreous, so let the stanza stand. 


The Art Division 

Past-President Hostetter, with much more decorum 
than I can now command, devoted a presidential address 
to this very subject, pointing out that only one of our 
Divisions, the Art Division, is catholic enough to disre- 
gard material and unite onfunction. The artist asks, “Is 
the object beautiful?”’ not, ““What is it made of?”’ Perhaps, 
like the present writer, you have been unable to find a 
definition or description of beauty that any two artists 
will agree upon; then see whether they will not agree upon 
this principle: Art, whether in painting, music, or ceramics, 
must create something that has never before been seen or 
heard in the heavens above, or on the earth beneath, or 
in the waters under the earth. It is of no consequence 
whether it be enameled metal or glass or structural shapes 
or whiteware; it must be original. Nevertheless, the 
ceramic artists remain bound to us brick- and _ bottle- 
makers by that vitrified silicate bond. 

A certain restlessness on the part of the engineers has 
recently brought to our attention that it may be expedient 
further to redistribute our activities in accordance with 
function rather than product, and recognize the functions 
not only of artist, but also of engineer, of technologist, 
and of educator. The intersecting relations of these 


groups with our present Divisions are illustrated in the 
accompanying sketch. The revised Constitution on which 
the membership has just voted provides for the setting up 
of such ‘‘classes’”’ of membership, to be represented for- 
mally in the Board of Trustees. The first of these classes 
to be set up is likely to be the engineers, organized per- 
haps as an Institute of Ceramic Engineers within the 
Society. 


You will note that, in the diagram, space has even been 
left in the outer fringe for the salesman and the executive, 
who are just as much allied to us by that silicate bond as 
any of the classes now represented by a considerable num- 
ber of members in the Society. 

In the long run these matters, like most human affairs, 
will be settled not by logic but by expediency, so I sug- 
gest that you have patience with what may look like an 
over-elaborate set of By-Laws and Constitutional pro- 
visions. As the sign used to read in the frontier recrea- 
tion-center: ‘“‘Don’t shoot the fiddler; he is doing the 
best he knows how.” 

—RoBeErRT B. SOSMAN 


Membership in American Ceramic Society 


FOR CONTINUING EDUCATION IN CERAMICS 


Forward-going aggressive persons succeed only by continually studying, 
not narrowly, but broadly the current problems in all ceramic fields. 
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SCHEDULED AUTUMN MEETINGS 


GLASS DIVISION 


September 10 and 11, 1937. 
State College, Pa. 
Nittany Lion Inn and State College 


DATE: 

PLACE: 

HEADQUARTERS: 
Hotel. 

MEETING PLAcE: 315 Mineral Industries Building, Penn 
State College. 


PROGRAM: 
Friday, September 10 
9:30 a.m. (E.S.T.) 

(1) “New Developments and Ideas in Analytical 
Chemistry of Interest to the Glass Industry.” 
G. E. F. Lundell, Principal Chemist, National 
Bureau of Standards, Washington, D. C. 

(2) ‘Developments in the Concepts of the Constitution 
of Glass.’”’ N. W. Taylor, Dept. of Ceramics, 
Pennsylvania State College, State College, Pa. 

(3) ‘Critical Summary of the Results of X-Ray Studies 


of Glass.’’ B.E. Warren, Dept. of Physics, Massa- 
chusetts Institute of Technology, Cambridge, 
Mass. 


2:30 P.M. 
(4) Inspection of the ceramic and other laboratories of 
Pennsylvania State College. 
Golf at Country Club and on College Course; also 
swimming and tennis. 


6:30 P.M. 
Dinner at Centre Hills Country Club. 


Saturday, September 11 
9:00 a.m. 

(5) ‘The Mechanical Properties of Glass: Their Sig- 
nificance and Determination.”’” G. W. Morey, 
Geophysical Laboratory, Washington, D. C., and 
Louis Navias, General Electric Company, Sche- 
nectady, N. Y. 

12:30 P.M. 
Lunch, to be followed by committee meetings, golf, 
or tennis, as the occasion demands or permits. 
Visit to Mapleton plant of Pennsylvania Glass Sand 
Corporation. 

The above program is designed more to allow time for 
presentation and discussion of the selected topics than to 
fill up the available time with a number of shorter papers 
without ample discussion; in fact, the program might be 
considered as topics for round-table discussions, with 
previously assigned leaders. 

Members should contact hotels direct for reservations. 


—A. N. Finn, National Bureau of 
Standards, Chairman Glass Division 


REFRACTORIES DIVISION 
Bedford Springs, Pa. 
September 3 and 4, 1937. 
“Boiler-Furnace Refractories.” 


PLACE: 
DATE: 
DIscussIon Topic: 
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Friday, September 3 


Registration 
2:00 P.M. 

(1) ‘Temperature Conditions in Boiler Furnaces.’ 
R. A. Sherman, Battelle Memorial Institute, Columbus, 
Ohio. 

(2) ‘Slag Attack.’ 
Co., New York, N. Y. 


’ 


E. G. Bailey, Babcock and Wilcox 


Saturday Morning, September 4 

Sports and entertainment. 

Bedford Springs, Pa., is located about one and one-half 
miles from the town of Bedford, Pa., which is on the 
Lincoln Highway, 99 miles east of Pittsburgh and 199 
miles west of Philadelphia. A branch line of the Pennsyl- 
vania Railroad goes through Bedford Springs. This con- 
nects with the main line of the Pennsylvania Railroad at 
Altoona, Pa., or the main line of the Baltimore & Ohio at 
Cumberland. Service on the main line of the Pennsyl- 
vania is provided from Huntingdon, Pa., to Bedford. 

H. M. KRANER, Bethlehem Steel Co., 
Bethlehem, Pa., Division Chairman 

J. B. Austin, U. S. Steel Corp., Kearny, N. J., 
Program Chairman 


CERAMIC ASSOCIATION OF NEW 
JERSEY AND MATERIALS AND 
EQUIPMENT AND WHITE WARES 
DIVISIONS, AMERICAN 
CERAMIC SOCIETY 


Joint Meeting 


Date: Thursday and Friday, September 16 and 17, 
1937. 
PLaceE: Pocono Manor Inn. 


(a) Address: Pocono Manor, Monroe County, Pa. 
Herman V. Yeager, General Manager and W. T. Keenan, 
Assistant. 

(b) By Car: May be reached by auto on U. S. 611 be- 
tween Stroudsburg and Scranton, two miles from Swift- 
Water. 

(c) By Train: 
the D. L.& W. Pocono Manor cars meet all trains. 
road representatives will supply train schedules. 

Rates: Special American-plan rates will be in effect for 
the meeting and for as long as members desire to stay be- 
fore or after the meeting. 

(a) Single rooms with bath $7.00 per day per person. 

Double rooms with bath $6.00 per day per person. 

Single rooms with running water $6.00 per day per 
person 

Double rooms with running water $5.50 per day per 

person. 

(b) Extra Meals: 
and dinner $1.75. 

(c) Recreation Charges: Golf, $1.50 daily unlimited 
play: tennis, shale courts, no charge; clay courts, 50 cents 
per hour; horseback riding, $2.00 first hour, $1.50 each 
succeeding hour. Practice putting greens, no charge; 
swimming, no charge; supervised hikes, no charge; bowl- 


Railroad station is Pocono Summit on 
Rail- 


Breakfast $1.00; luncheon $1.50; 
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ing alleys, ping-pong tables, billiard tables, and other facili- 
ties in recreation hall, no charge to individual members. 
Blanket rate, $10.00. 


Program 
Wednesday, September 15 


There will be informal dancing, bridge parties, and other 
attractions for members who register on Wednesday. 


Thursday, September 16 


(1) Members are asked to arrive in time for noon 
luncheon at 12:00 m. (Eastern daylight saving time.) 
2:00 P.M. 

(2) “Dry Mixing’ program to be furnished by Ralston 
Russell and G. C. Betz. 

8:00 P.M. 

(3) Dry-Mixing Discussion (continued). 

If elimination of this technical session is desired, the 
Committee will arrange a banquet, get-together, competi- 
tive games, etc., for Thursday evening. 


Friday, September 17 


9:00 A.M. 

Papers, topics, and discussion held over from 1936 
Autumn Meeting at Cambridge Springs. Program to be 
arranged by J. W. Hepplewhite, East Liverpool, Ohio. 
2:00 p.m. 

Program of morning session continued (if desired). 
This time is also available for committee meetings, in- 
formal discussions, etc. 

Golf, other sports, and recreation. If the program does 
not justify a fourth session on Friday afternoon, it is sug- 
gested that the New Jersey Ceramic Association revive its 
annual golf tournament. 

6:00 P.M. 

Hotel will arrange (free) a hayride to one of its camps 
located upon a mountain stream where a picnic supper 
will be served. 


Saturday, September 18 


Golf, other sports, and recreation can be arranged, especi- 
ally for the members who remain over the week-end. 

There will be dancing Saturday night. 

Slides and Moving Pictures: The Hotel will furnish 
free of charge a 16-mm. silent moving-picture projector 
and a lantern slide projector for use of the members dur- 
ing the technical sessions. 

Ladies Program: The Hotel and the Committee believe 
that the attendance of the ladies at this meeting should 
be especially encouraged. The ladies program will be in 
charge of the following Committee: Mrs. C. F. Geiger, 
Chairman; Mrs. F. A. Whitaker, Mrs. G. H. Brown, Mrs. 
J. R. Kauffman, Mrs. H. Failmezger, Mrs. R. F. Geller, 
Mrs. J. W. Hepplewhite, Mrs. J. E. Eagle, and Mrs. H. B. 
DuBois. The Hotel has a hostess who will arrange the 
ladies program with this Committee. 

Men’s Program: The details for the men’s social pro- 
gram are in the hands of C. F. Geiger, G. H. Brown, G. C. 
Betz, Ralston Russell, H. Failmezger, and J. R. Kauffman. 
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ART DIVISION 


PLace: Syracuse, N. Y. 
DaTE: October 28, 29, and 30, 1937. 


Thursday, October 28 


Registration all afternoon. 


8:00 P.M. 
General Meeting. 


Friday, October 29 


9:00 a.m. 
Symposium on Processes of Ceramic Decoration. 


2:00 P.M. 

Shaping and Mold-Making Discussion. 

The Friday sessions will be held at the Syracuse Mu- 
seum and at the Onondaga Pottery Company. 


&:00 P.M. 
Reception at Syracuse Museum and visit to Ceramic 
Exhibition. 


Saturday, October 30 


9:00 A.M. 
Discussion Topic: ‘‘Glazes, Bodies, and Colors for the 
Amateur Potter.” 


2:00 P.M. 

Discussion Topic: ‘Pottery Equipment for Studio 
Potters and Small-Scale Work.” 

The following groups have been attending the Autumn 
Meetings of the Art Division: (1) art and pottery stu- 
dents; (2) teachers of art and ceramic art from (a) colleges 
and art schools and (b) public schools; (3) small-scale pot- 
teries and craftsmen (semicommercial); and (4) profession- 
ally employed ceramic artists, who have come because 
there was no other organized Division devoted to their 
interests. 

Because of these diversified interests, the Meeting this 
year will provide instruction in several of the phases of 
practical potting. This subject has been chosen as that 
most greatly needed by the majority of the groups as it is 
constituted at the present time. 


—CHARLES HarpDER, New York State 
College of Ceramics, Alfred, N. Y., Chairman 


OTHER CERAMIC MEETINGS 


CERAMIC ASSOCIATION OF NEW YORK 
Alfred, N. Y., October 8 and 9 
PORCELAIN ENAMEL INSTITUTE 
Chicago, IIl., October 11 and 12 
PORCELAIN ENAMEL INSTITUTE FORUM 
Columbus, Ohio (Ohio State University), Oct. 13, 14, 
and 15. 
Ouro CERAMIC INDUSTRIES ASSOCIATION (Annual Meeting) 
Columbus, Ohio, November 5 and 6. 


at 
AF 
¥ 
4 
ae 


Bulletin of the American Ceramic Society—A ctivities 


345 


E.C.P.D.W—ANNUAL MEETING OF THE SOCIETY FOR PROMOTION OF ENGINEERING 
EDUCATION 


Report from A. F. Greaves- Walker 


The principal objective of my attendance at this meet- 
ing in Boston, Mass., June 28 to July 2, was to promote a 
Division of Mineral Technology in which the ceramic 
engineering educators’ group would have official standing. 
This report therefore will be limited to a discussion of that 
subject. 

The Society is made up of divisions and committees 
representing either groups of engineering curricula, a 
single curriculum, or courses included in engineering cur- 
ricula. 

Divisions are self-governing, elect their own officers, 
and appoint their own committees. Committees not 
included in a division are headed by a chairman who is 
appointed by the Council of the Society. 


For some years past, the mining and metallurgy group 
has been organized as a committee. Ceramics, geology, 
petroleum, and fuel technology have had no division or 
committee representation in the Society and consequently 
have taken little interest in it. On January 1, 1937, only 
three ceramic engineering educators held membership. 

At last year’s meeting, the metallurgy group petitioned 
the Council to set up a Division of Metallurgy. The idea 
was opposed by the mining group, and the petition was 
laid on the table for further action at the Boston meeting 
this year. 

At the Convocation of Keramos Fraternity held in 
Columbus in 1936, M. E. Holmes, then Chairman of the 
Committee on Professional Recognition, made the state- 
ment that it was the opinion of several prominent engi- 
neers whom he had contacted that if ceramic engineering 
had official status in the S.P.E.E. it would go a long way 
toward obtaining recognition as a basic instead of a spe- 
cialized branch of engineering. 

It seemed to me that the apparent unrest in the ranks of 
the mining and metallurgy groups offered an opportunity 
for the organization of a Division of Mineral Technology 
which would not only include mining and metallurgy but 
all other curricula accepted as belonging to mineral tech- 
nology. When suggested, the idea appealed to the mining 
group and to President Hammond. 

At a well-attended meeting of the Committee on Mining 
and Metallurgy, held at Harvard University on June 30, 
the question of organizing a division was discussed. Rep- 
resentatives of the mining, metallurgy, ceramics, geology, 
and petroleum groups were present. I presented a paper 
in which I attempted to outline the history and give a 
definition of ceramic engineering and the scope of its 
field. This paper appeared to have a satisfactory effect, 
especially in clearing up questions as to the scope of the 
ceramic field. 

President Hammond urged the group to consider the 
matter carefully and stated that the Council was ready 
to set up a division immediately if the group so desired. 

On a motion to that effect, carried unanimously, a com- 
mittee was appointed to draw up a resolution requesting 
the Council to establish such a division, and favorable 


action was taken on the resolution by the Council the 
following day. 

The Division was organized to include the engineering 
educators, and others interested, in the following groups: 
mining, metallurgy, ceramics, geology, petroleum, and 
fuel technology. Each group will have its own com- 
mittee, headed by a chairman appointed by the chairman 
of the Division. The following were elected officers of 
the Division for 1937-38: 

Chairman: BRADLEY STOUGHTON (Metallurgy), Dean 

of Engineering, Lehigh University. 

Vice-Chairman: A. F. GREAVES-WALKER (Ceramics), 

University of North Carolina. 

Secretary: Allison Butts (Metallurgy), Lehigh Uni- 

versity. 

Other matters discussed at this and a later meeting were 
(1) the content of the humanities in the mineral technol- 
ogy curricula, (2) E.C.P.D.* requirements, and (3) state 
board examinations as they related to mineral technology 
graduates and (4) graduate placements, all subjects in 
which the entire group had common interest. 

It is my definite opinion that ceramic engineering will 
be greatly benefited by inclusion in this Division; in fact, 
it is probably the most important step the ceramic en- 
gineering educators have ever taken. The S.P.E.E. is a 
powerful unit in the E.C.P.D., and the affiliation of the 
ceramic engineers gives them the only official contact, 
for the present at least, that they have with this im- 
portant organization. 

As is well known, the E.C.P.D. originally considered 
ceramic engineering as a highly specialized branch of 
chemical engineering; and when accrediting started, it 
decided not to audit the departments until a survey of the 
field could be made and a decision reached. 

The recognition by the S.P.E.E. of ceramic engineering 
as a separate branch, by officially giving it a place in the 
mineral technology group, along with mining and metal- 
lurgy, should settle its status once and for all time, es- 
pecially as this action was taken by an organization which 
includes many of the most prominent and active members 
of the E.C.P.D. Among these are H. P. Hammond, 
W. E. Wickenden, E. A. Holbrook, T. T. Read, W. S. 
Rodman, R. L. Sackett, Karl T. Compton, A. A. Potter, 
C. H. Fulton, D. C. Jackson, R. E. Doherty, and others. 

Naturally this new contact can be of value only if the 
ceramic engineering educators, all of whom are members 
of the American Ceramic Society, join the $.P.E.E. and 
take an active part in promoting their interests. Through 
myself, as your representative, President Hammond, 
Dean Stoughton, and the members of the Division of 
Mineral Technology extended a cordial invitation to the 
group to join the Society immediately and take part in 
its proceedings. 

—A. F. Greaves-Walker, Chairman, Committee 
on Education, American Ceramic Society 


UNIVERSITY OF NORTH CAROLINA 
RALEIGH, N. C. 


* Engineers’ Council for Professional Development. 
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HOWARD N. POTTS MEDAL TO J. C. 
HOSTETTER 


Awarded by the Franklin Institute, May 19, 1937 

The citation in connection with the award was as follows: 

“Tn consideration of the combination of technical under- 
standing and executive ability which has enabled him to 
direct the application of glass to such diversified new uses 
as a 200-inch telescope disk and saucepans that can be 
used above an open flame.”’ 

Dr. Hostetter’s acceptance by letter and also on the 
occasion of the presentation is given here. 

“Naturally I am very much pleased at this compli- 
mentary action of your Board. However, I regard this 


primarily as recognition of, and a tribute to, the fine and 
loyal group of colleagues with whom I was associated in 
carrying on this work. In particular, since the citation 
mentions the 200-inch disk, I wish again to emphasize, 
as I have on many occasions, that whatever success may 
have been attained in this project is due to the genius of 
Dr. McCauley. The success of the ‘flameware’ proj- 
ect is due to the fine work of Dr. Littleton and Dr. 
Shaver of the Physical Laboratory, Messrs. Weber and 
Wallach of the Mechanical Development Dept., and their 
associated groups in Corning. In this spirit and on be- 
half of my former associates, I shall be pleased to accept 
the medal.” 


Howard N. Potts Medal to J. C. Hostetter ('/s size) 


MAKE PLANS FOR THE 1938 (40TH) ANNUAL MEETING 
IN NEW ORLEANS, MARCH 27—APRIL 2 


A dinner meeting was held at the Roosevelt Hotel, 
New Orleans, La., July 7, 1937, for those interested in 
making plans for the Fortieth Annual Meeting to be held 
in New Orleans, March 27 to April 2, 1938. The following 
persons were present at this meeting: 

Ross C. Purpy, Secretary, American Ceramic Society, 

Columbus, Ohio. 

H. WestToON, Schneider Brick & Clay Co., Slidell, 

La. 

G. T. Kramer, Dept. of Middle-American Research, 
Tulane Univ. (representing Frans Blom, Director). 
Cyrit K. MorssI, State Geologist, Dept. of Conservation, 

State of Louisiana, New Orleans. 

Sam FowLkKEs, Secretary, Convention & Visitors’ Bureau, 

New Orleans Assn. of Commerce. 

J. WALKER Ross, Jr., Asst. Secy., Convention & Visitors’ 

Bureau, New Orleans Assn. of Commerce. 


R. A. STEINMAYER, Geologist, Tulane Univ., and Curator, 
Museum of the Dept. of Middle-American Research, 
Tulane Univ. 

E. J. BLoNDEAUv, Lone Star Cement Co., Hibernia Bldg., 
New Orleans (representing C. L. Sawyer, Dist. Mgr.). 
MicuHaEL_ A. Carso, Southern Representative, Hazel- 

Atlas Glass Co., 505 Marine Bldg., New Orleans. 

ELLSWORTH Woopwarpb, President, Isaac Delgado 
Museum of Art, and Dean Emeritus of Newcomb 
College School of Art (Newcomb Pottery). 


Mrs. Martha G. Westfeldt, Kenneth Smith, Professor 
of Ceramics, Newcomb College School of Art, Martin 
Becker, Brookhaven Press Brick Co., Brookhaven, Miss., 
and the Anderson brothers, Shearwater Pottery, Ocean 
Springs, La., were unable to be present, but they will be 
active as hosts at the time of this Annual Meeting. 
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COMMUNICATIONS—CERAMIC HISTORY 


KARL TURK, SR. 


In a little bathroom on the second floor of an old house 
on Eden Street, Baltimore, a stockily built young man 
bent over a painted zinc bathtub, adjusting a small por- 
celain enamel grinding mill. He was working with a batch 
of wet-process enamel which, even unknown to him, would 
one day be used on 95% of all the stamped sanitary ware 
manufactured in the United States. Not that Karl Tiirk, 
in 1909, had any particular aversion to painted bathtubs; 
he was merely using the power of the water from its faucet to 
propel an improvised pebble mill in which he was grinding 
to the proper consistency a batch of porcelain enamel frit. 

Karl Tiirk did not invent a new type of machine, nor did 
he discover a previously unknown scientific principle. 
What he did was take a manufacturing process, which had 
been used for ages to a very limited extent, and through 
research make it available for general use. 

When he started his experiments, food was kept in un- 
sanitary, hard-to-clean ice-boxes; prepared on germ-har- 
boring, cracked wooden table-tops; cooked on stoves whose 
unprotected surfaces accumulated grease and dirt and 
rust. Through porcelain enamel frit manufacture and 
modern methods of application, it was possible in a rela- 
tively few years to manufacture household appliances and 
sanitary ware with wet-process porcelain enamel frit on a 
large scale for mass market. 

Many people would consider Karl Tiirk’s career an ex- 
citing adventure. To take an ancient art which has lain 
dormant for centuries and breathe into it a new life, mak- 
ing it an integral part of modern production; and to help 
mold that new element into one of the most important 
phases of a great manufacturing epoch is no small matter. 
Few men have accomplished so much. 

Yet, to him there is nothing surprising about the fact 
that he was responsible for the manufacture of porcelain 
enamel frit on a commercial basis, nor that he has since 
been one of the most generous contributors to the enlarge- 
ment of that industry. He views the process with enthusi- 
asm and as an enjoyable job which had to be done, but he 
sees himself only as the person who happened to do it. 
No glorious tales will he spin of unsurmountable obstacles 
overcome, of dramatic exploits in scientific exploration. 
Ask him about himself, and he will turn the conversation 
into other channels. That is why getting biographical 
material from Karl Tiirk himself is next to impossible. 

But there are many stories to be told about the early 
days of modern porcelain enameling. One of these was 
published more than a year ago, in a book! dedicated to him 
on the twenty-fifth anniversary of The Porcelain Enamel 
and Manufacturing Company of Baltimore, of which he 
was co-founder and is now president. 

“In 1910, when Karl Tiirk and his brother, the late 
Heinrich Tiirk, established the forerunner of The Porcelain 
Enamel and Manufacturing Company, they rented the 


1 Reprinted from Twenty-Five Years. Published by 
The Hoffman Brothers Co., December, 1935. 


first floor of a little two-story building on Eden Street in 
Baltimore. 

“A clause in the lease stipulated that the Company 
should furnish the landlord, who conducted a tailoring 
business on the second floor, with sufficient heat as part of 
the rental. 

“The lease further required that the temperature fur- 
nished by the lessees between the months of October and 
April should be a minimum of 70°. 

‘This unusual contract, whereby the tenant instead of 
the landlord furnished the heat, was premised on the fact 
that the brothers, Karl and Heinrich, were given permis- 
sion to run the exhaust pipe of their enameling furnace 
through the upper floor of the building, thereby providing 
the tailor-landlord with heat during the colder months of 
the year. 

‘Porcelain enameling operations began. The first batch 
of ware was placed in the furnace and in far less time than 
it takes to complete a firing operation the proprietors were 
confronted by an excited, overfired landlord. 

‘‘The clause in the lease may have called for a minimum 
of 70°F, but when the excess heat from an enameling 
furnace, operating at 1500°, reached the second floor, the 
thermometer in the tailor’s shop went up and the tailor 
came down.” 

This story, recounted many times by his friends and 
associates, but only recently published, is one of those in- 
cidents so discouraging at the time of happening—but now 
a pleasant memory. It is indicative, however, of the un- 
assuming manner in which he views the accomplishment 
of extraordinary things. 

His stable outlook and his even temperament may have 
been fostered by the pleasant, serene mountains near the 
little village of Mohra, Germany, where he was born in 
1883. Or by his schoolmaster father. Or, more likely, 
by the substantial basis of practical knowledge and inves- 
tigation on which he has built his business. 

Since 1903, the story of Karl Tiirk is essentially a nar- 
rative of the development of modern porcelain enameling. 
For seven years, before he and his brother Heinrich estab- 
lished their porcelain enameling business in Baltimore, 
Karl Tiirk worked in an enameling plant during the day, 
learning the problems which confronted the manufacturer 
of porcelain enameled signs of the early 1900’s. At night, 
under the glaring light of a Welsbach burner, he tested 
formulas, and sought by trial and error to learn the means 
by which porcelain enamel could be made available to 
manufacturers on a practical basis. He realized that por- 
celain enamel could never gain the widespread use it de- 
served as long as conditions remained as they were then. 
Manufacturers recognized the sales appeal of the durable, 
easily cleaned surface of porcelain enamel. They were 
eager to use more of it, but the supply was limited by the 
porcelain enamelers themselves. 

At that time, the formulas for manufacturing the frit 
and meghods of applying porcelain enamel were controlled 
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by a few men who had inherited or borrowed the ‘‘recipes”’ 
and guarded them as personal knowledge rather than an 
industrial principle. When they mixed the ingredients 
for smelting frits, the procedure was carried on behind 
locked doors. The application and firing were equally 
secretive. 

Naturally, this state of affairs was anything but con- 
ducive to increased production, as the enamelers made no 
attempt to improve their methods and jealously refused 
to communicate their knowledge to others. When manu- 
facturers stormed about the haphazard methods, lack of 
standard quality, and undependable delivery dates, the 
enamelers retaliated with a threat to shut up shop. So 
the manufacturers had to adjust their plant schedules to 
the caprices of the enamelers, placate their waiting cus- 
tomers as best they could, and pray for better times to 
come. 

It was not that porcelain enamel was new. It is one of 
the oldest arts known to man. Perhaps that is the reason 
conditions remained as they were for so long. Methods 
had stagnated for so many centuries that no one saw just 
how they could be changed. Manufacturers were suffer- 
ing from a bad case of status quo. 

They remained in this coma until Karl Tiirk developed 
commercial frits which enabled the individual manufac- 
turer to operate his own enameling plant, securing a super- 
ior quality of frits from the frit manufacturer. The or- 
ganization of The Porcelain Enamel and Manufacturing 
Company was started in 1910. 

Prior to this time, there had been no convenient method 
of enameling cast iron in large quantities. The old proc- 
ess was unhandy and the results were irregular. The in- 
troduction by the Tiirk brothers of a wet-process cast- 
iron enamel made greater production an immediate pos- 
sibility. In order to extend the use of this new enamel, it 
was offered to manufacturers in the form of a commercial 
frit, and the Tiirk brothers supervised the installation and 
furnished the equipment for the first enameling plant in a 
private factory. 

Karl Tiirk, however, did not stop with developing an 
enamel for the materials then in common use. He went 
further and made it possible to adapt the peculiar qualities 
of sheet iron to porcelain enameling. The strength, work- 
ability, and light weight of sheet iron were desirable quali- 
ties, but the extremely high temperatures at which por- 
celain enamel had to be fired induced excessive warping. 
A sheet-iron enamel which fused at temperatures between 
1550° to 1600°F, instead of at considerably higher than 
1600°, gave manufacturers a new medium for porcelain 
enamel construction. 

Prior to 1920, when he originated the ‘‘standard consis- 
tency test,’’ control of this vital factor in porcelain enamel- 
ing was largely a matter of guesswork. 

‘The usual procedure in the past was that the dipper 
set the ground coat until it was correct according to his 
judgment; then he quickly dried a piece and fired it. 
Were his judgment inaccurate, the ground coat either was 
thinned down or thickened up and other samples fired 
until the correct set was achieved. All this was not only 
more or less guesswork, but it retarded production. A 
simple method was searched for and found and a standard 
established which is used in every well-managed enamel- 
ing plant here and abroad.’’? 


In the standard consistency test, a standard piece of 
metal is weighed, then dipped or sprayed, and weighed 
again. The difference in weights before and after the 
coat is applied indicates the consistency of the slip which 
is compared with a table worked out by Mr. Tiirk. This 
procedure eliminates drying and firing time, and is an ac- 
curate, easily worked test. It is applicable not only to 
ground coats, but to sheet- and cast-iron cover coats as 
well. Ina variation of this test, instead of applying to 
the ware, a given quantity of the slip is weighed and com- 
pared with a standard table. 

In more recent years an entirely new field for porcelain 
enamel has been opened up. Modern architecture is 
adapting the hard, durable, easily cleaned, colorful surface 
both to interiors and exteriors of private as well as com- 
mercial buildings. The first stainless porcelain enamel 
used for shingles and steel tile set in cement was developed 
by Karl Tiirk. The other contributions which he has 
made to the porcelain enameling industry, and thereby to 
the world at large, include monel-metal pickling equip- 
ment and heat-resisting firing tools and grates; the method 
of controlling the consistency of enamels by weighing the 
enamel retained upon a standard sheet; an enameling 
furnace using modern insulating materials; the first plant 
laboratory installed to investigate enameling problems; 
and many other innovations, developments, and improve- 
ments. 

He is the author of one of the most simple, practical, 
and useful publications dealing with porcelain enamel. 
Soon after he began manufacturing commercial frits, Karl 
Tiirk published from time to time pamphlets and leaflets 
dealing with the problems which confronted enamelers. 
Demand for back numbers of these leaflets became so in- 
sistent that they were finally collated and published as 
The Ready Remedier.2 This book has been revised and 
compiled several times and has been translated into foreign 
languages. 

Aside from these and many other definite contributions 
to the industry, he has, through PEMCO, played a large 
part in extending the use and perfecting the quality of 
porcelain enamel. The expansion of his business has not 
been accompanied by any spectacular increases in pro- 
duction nor anything resembling high-pressure promotion 
or ballyhoo. His philosophy precludes anything of that 
sort. He has always maintained that a substantial busi- 
ness is based on a needed product produced in the best 
manner possible and presented to buyers through personal 
contact. 

For recreation, he turns most frequently to gardening. 
His beautiful estate in the Green Spring Valley near Balti- 
more lends itself perfectly to this avocation, and the flowers 
and shrubs bear evidence of his care and cultivation. 
Another hobby is painting with water-colors. Mr Tiirk 
not only paints original subjects but also colors photogra- 
phic prints with delicate transparent colors. Although it 
is only recently that he has taken up this means of self- 
expression, it is evident from his work that his quarter of a 
century of experience with the wide range of beautiful 
colors obtainable in porcelain enamels has enabled him to 
achieve remarkable results in a relatively short time. 


? Karl Tiirk, Sr., Ready Remedier, 4th ed., p. 65. The 
Hoffman Brothers Co., 1931. 
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In addition to his recreational activities at his home, 
Mr. Tiirk finds time for participation in fraternal affairs. 
He is a 32nd degree Mason, Knight Templar, and a mem- 
ber of the Chesapeake Club. 

As a Fellow of the American Ceramic Society and an 
active member of various organizations dealing with por- 
celain enamel, Karl Tiirk has lent his efforts to the general 
development of the entire industry. 

His contributions to civilization as we know it in 1937 
have been of an intensely practical sort, because porcelain 
enamel is today symbolic of our standards of cleanliness and 
beauty. Kitchen appliances are more sanitary because of 
porcelain enamel; the home is more beautiful and house- 
work has been reduced to a minimum. In commercial 
buildings, the architectural enamels which Karl Tiirk 
helped to develop are essentially modern and have been 
found to be a vital factor in merchandizing. The results 
of his study and his efforts are today an integral part of 
our home and business life. 


C. B. STOWE 


Word has been received of the death of C. B. Stowe of 
Cleveland, Ohio. The announcement was made in a 
style characteristic of the friendliness which Mr. Stowe 
offered to all of his many acquaintances. 


An Old Timer Leaves Us—C. B. Stowe Is Gone! 

After an active life of seventy-five years he passed on 
recently and was buried on May 12, 1937. In 1889 he 
started the refractories enterprise known as C. B. Stowe 
and Co., with J. H. Fuller as a silent partner. 

Within a few years the firm was known as Stowe-Fuller 
and Co., and in 1897 was again changed, this time to 
Stowe-Fuller Company. 

In 1923, another change was made and the company 
was thereafter known as the Stowe-Fuller Refractories 
Company with plants in Alexandria, Pa., and Strasburg, 
Ohio. 

Mr. Stowe was a man of unusual energy and determi- 
nation and remained active until age took its inevitable 
toll. 

He had an extraordinary knowledge of the natural 
resources of our industry and was one with whom the 
boys always had a bit of fun which is, in itself, a tribute 
to him. 

C. B. Stowe will be missed! 


ENGLISH CERAMIC SOCIETY MEETING 
POSTPONED 


Word has been received that, owing to the serious ill- 
ness of J. W. Mellor, Secretary of the Ceramic Society, 
the Annual Meeting will be postponed. This meeting 
was scheduled to be held at Stoke-on-Trent, England, in 


October. 


STANDARD SAMPLES FOR THE GLASS 
INDUSTRY 


The National Bureau of Standards has made a tabula- 
tion of the standard samples used in the glass industry, 
and also of the number of samples which have been sold 
from July, 1936, to April, 1937. 


No. sold 
during 
period of 
Standard July, 
sample 1936 to April, 
no. Name 1937 Value 
104 Burned magnesite 9 $18.00 
76 Burned refractory 8 16.00 
1d Burned refractory 5 10.00 
78 Burned refractory 2 4.00 
103 Chrome refractory 9 18.00 
97 Clay, flint 9 18.00 
98 Clay, plastic 13 26.00 
70 Feldspar, potash 22 44.00 
99 Feldspar, soda 9 18.00 
79 Fluorspar 28 70.00 
la Limestone, argillaceous 12 24.00 
88 Limestone, dolomitic 20 40.00 
92 Glass, low boron 5 10.00 
93 Glass, high boron 5 10.00 
89 Glass, lead-barium 6 12.00 
91 Glass, opal 8 16.00 
80 Glass, soda-lime 13 26.00 
81 Glass sand 10 20.00 
102 Silica brick 14 28.00 
112 Silicon carbide 8 16.00 


215 $444 .00 


SOCIETY OF RHEOLOGY TO MEET 


Akron, Ohio, has been chosen for the Ninth Annual 
Meeting of the Society of Rheology, the dates being Oc- 
tober 22-23. Headquarters will be at the Hotel May- 
flower. 

A member society of the American Institute of Physics, 
the Society of Rheology is a relatively small group con- 
cerning itself with the flow of matter under stress. Spe- 
cific properties studied include viscosity, plasticity, con- 
sistency, elasticity, and others of like nature. These 
properties are of great interest to a wide variety of indus- 
tries (as many products depend for their perfection upon 
flow characteristics) as well as to those in academic re- 
search, since many fundamental concepts can be based 
upon observed stress-flow relations. 

Discussions in this group are invariably free and en- 
lightening. It is felt that many physicists actively in- 
terested in rheology have failed, through oversight, to 
avail themselves of opportunities offered by the Society 
of Rheology. It is hoped that these physicists will plan 
to attend the Akron meeting. 

The program of papers is now in preparation. Titles 
and abstracts (not more than 300 words) should be sub- 
mitted to the Program Chairman not later than September 
15. 


—H. R. Lititz, Program Chairman 
Corning Glass Works, Corning, N. Y. 
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LABORATORY, FACTORY, AND MARKET* 


By JorDAN A. PUGH 


Structural Clay Products Institute, Inc. 


Structural clay products have back of them such a long 
history of satisfactory use that there would probably still 
be a demand for them through many years if the industry 
waited, like Mr. Emerson’s rat-trap maker, for the world 
to make a path to its doors. But since our industry does 
produce structural clay units which are fire-safeand endur- 
ing but which are also economical and beautiful, it is not 
only our right but our clear duty to inform the consuming 
public concerning the merits of our ware. Complete 
figures representing the value of structural clay products 
produced last year are unfortunately not available, but 
the total value of our national production was nearly 60 
million dollars. That volume of business justifies large 
expenditures for promotion but, because a large part of the 
production comes from the plants cof smaller producers, 
few individual companies are able to expend what they 
should on promotion. As this fact has become more gener- 
ally recognized, leading manufacturers determined to form 
one promotional agency to which should be delegated the 
task of getting together sound technical, engineering, and 
architectural information which could properly be used in 
promoting our products. That task has been committed 
to our organization, Structural Clay Products, Inc., which 
has recently changed its name to Structural Clay Products 
Institute, Inc. For some time past we have been engaged 
in assembling material for this promotional program, and 
a short time ago we entered into contracts for the produc- 
tion of technical literature, house plans, the training of 
bricklayers, apprentices, and other legitimate promotional 
activities. 

Laboratory research per se is always engrossing but is 
useful only when it conclusively indicates ‘‘no thorough- 
fare,’’ a temporary detour or possible or probable useful 
adaptation of its data. 


The factory here enters the picture to determine the 
possibilities of commercial production under varying 
conditions of demand. 


The sales manager must determine the market area for 
the product, appraise competing materials, and decide 
whether or not the new product can be successfully sold. 
The advertising counsel must work in close connection 
with the sales manager in this study. The cost accountant 
must then consider all the factors and with the sales 


* Presented at the Thirty-Ninth Annual Meeting, 
American Ceramic Society, March 23, 1937, New York, 
N. Y. (Structural Clay Products and Terra Cotta Joint 
Session). 


manager develop a theoretical price under varying rates 
of demand. 

These things being determined and, with an actual 
order for a definite quantity of the material, there yet 
remains the credit manager who must determine whether 
or not the transaction is to be closed with the buyer. 

Doubtless this change of interlocking activities was 
responsible for the comment made by a leading industrialist 
to the graduation class of a scientific school in which he 
suggested that specialization was absolutely necessary 
and that perhaps it might be well to add a course in 
‘specialization in generalization.” 


Research and Promotion 

Structural Clay Products, Inc., is planning a research 
program which will be started as soon as it can be financed. 
By this means we hope to develop new uses for our products 
as well as improvements in the methods now in use. As 
Colonel Chevalier, whom so many of you know, remarked 
at our convention at French Lick Springs last fall, ‘‘The 
Consumer is King.’”’ He is the final arbiter. In common 
honesty, we should deliver to him products of the quality 
specified, and we should be careful to see that what is speci- 
fied is what really should be used. But we must go fur- 
ther. Like many other construction materials, the mere 
use of structural clay products in a building does not by 
itself guarantee satisfaction. A steel frame building not 
properly bolted or welded, a frame structure not properly 
nailed together, or a concrete structure in which the con- 
crete has not been properly mixed, tamped, or reinforced 
all represent a loss to the owner, and as far as he is con- 
cerned, he is not apt to be interested in an alibi founded on 
incompetent or dishonest workmanship in placement. We 
must interest ourselves in developing sound methods of 
placement and in seeing that these are given place in 
building codes and that codes are properly policed. These 
things constitute a large order but one we had better act 
upon. 

This is a rather sketchy presentation of market problems 
and of how our trade organization, Structural Clay Prod- 
ucts Institute, Inc., hopes to supplement the work of the 
laboratory and factory in giving the consumer value for 
his money. We need your specialized knowledge if we 
are to do our work effectively. The Consumer is King. 
We ask your assistance in satisfying ‘“‘His Royal High- 
ness.’’ Because, after all, his funds finance the payroll 
and, altruistic though we may be, they do have a certain 
interest to most of us. 


SrrRuUCTURAL CLay Propucts, INc. 
1427 Eve STREET, N. W. 
WasHincTon, D. C. 
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ASK THE MANUFACTURER WHO HAS SIMPLEX EQUIPMENT 


Now as always experience will win for you. From the excellent annealing 
of glass blocks to the artistic decorating of silk screened glassware or from 
the manufacturing of the best quality plate or sheet glass to the producing 
of crystal clear glass containers SIMPLEX Engineers know how to solve 
glass making problems. 


Consult the SIMPLEX Organization and be assured of obtaining a plant 
and equipment that is the best in design and operation. 


FRAZIER-SIMPLEX, INC. 
ENGINEERS 


WASHINGTON TRUST BUILDING WASHINGTON, PENNSYLVANIA, U. S. A. 
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. Made Especially for the Glass Maker 
MATCHLESS UNIFORMITY Specify you buy Soda Ash _ because 


: . Bh Solvay is and has been the standard of quality since 
There is only one United States Military Academy, 1881. It offers the following advantages: 


d th £C 1 1. More than 99.50% Sodium Carbonate (dry basis). 
and there is only one manufacturer of Continuously 
ur choice 0 oda sh grade or eihcient use with 

Smelted frits. Like the Cadets at West Point, the any of the known commercial glass sands. 
nation’s symbols of matchless uniformity, frits from 4. The services of a well organized technical staff which is 
PEMCO’S Continuous Smelters march through your 
enameling plant double-quick. Frits from PEMCO’S Make Solvay your source of supply for 

; DUSTLESS CALCINED 98-1007 
Continuous Smelters are produced the way they are FOLAaeitiin CoEnOrATE 
applied—continuously, but whether used in con- Hydrated 83-85% Potassium Carbonate 
tinuous or box type furnaces, their performance is Ground Caustic Potash 
matchless. Inquiries invited. Full information sent on request. 


SOLVAY SALES CORPORATION 


Alkalies and Chemical Products Manufactured 
by The Solvay Process Company 


40 RECTOR ST. NEW YORK 


The Porcelain Enamel & Mfg. Co. 
Pemco & Eastern Aves., Baltimore,Md.,U.S.A. 


into your glassware with 
DU PONT COLORS 


OU CAN give the commonplace glass package an air of dis- 

3 fin by adding a touch of color. Du Pont’s new trans- 

parent colors and opaque resistant colors will help you obtain 
novel effects in all-over color or design. 

These superior glass colors have opened up new fields in 

both package and tableware design. They are available in a 

wide range of hues for either high-fire or low-fire glassware; 


HIGH-FIRE COLORS 


For bottles and other heavy 
ware maturing at 1070-1150° F. 


LOW-FIRE COLORS 


can be applied locally by usual production methods such as For tumblers, vases, and other 
squeegee, banding, all-over spray, etc. eo _ maturing at 1000- 


Let our Ceramic Service Division cooperate in the applica- 
tion of these colors and other pre-tested ceramic materials made 
by du Pont—standard or special-match colors for ceramics and 
glassware, precious metal decorations, over-glazes, under-glazes, 
color oxides, etc. 


THE R. H. CHEMICALS DEPT., E. 


Ceramic Products Division, Wilmington, Delaware 


Distriet Sales Offices: Baltimore Boston Charlotte - 
PONT Kansas City Newa ew York + Philadelphia - Pittsburgh n 


Sales Agent: L & Company, Newark, N. J. 


Your 
COLOR 
| NT DE NEMOURS & COMPANY, Inc. ff 
: DU PO Inc. 
4 A 
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Ceramic Kilns and 
Furnaces 


Complete Equipment 
Designed 
Built 
Operated 


Our broad experience is at your 
service. 


We represent the Ferro Enamel 
Corporation, Cleveland, Ohio, 
as sales agents for its complete and 
successful line of ceramic glazes. 


ALLIED ENGINEERING 
COMPANY 


4150 E. 56th STREET CLEVELAND, OHIO 


(A SUBSIDIARY OF FERRO ENAMEL 
CORPORATION, CLEVELAND, O.) 


CLAYS 


English China and Ball 


for 
HEATING ELEMENTS 
CERAMIC BODIES 
SAGGER USES 


Ceramic Specialties Include 


Whiting : Paris White : Magnesite 
Cornwall Stone : Barium Carbonate 
Zinc Oxide : Enameling Clays : Etc. 


HAMMILL & GILLESPIE, INC. 


Importers since 1848 
225 Broadway New York 


GUARD AGAINST 


Ceramic Dust Hazards 


Wear a COVER DUPOR 
PLATE RESPIRATOR No. 
24 wherever Ceramic Dust 
Hazards prevail! This new 
COVER respirator carries 
U. S. BUREAU OF MINES 
APPROVAL (no. B.M.2111) 
a protection against type 
or Pneumoconiosis pro- 
ducing dusts. Molded of 
soft rubber, it fits any 
shaped face. Maximum 
comfort assured because it 
only weighs 4 ounces. Every 
respirator comes equipped 
with comfort inducing face 
cloth which also has U 
Bureau of Mines approval. 


Illustration above shows respi- 
rator with newly designed Nite- 
caps in position. Photo at left 
shows ease with which Nite-cap is 
installed or removed for cleaning! 


Pat.. Dec; 22, 
1936, N o. 
2,065,304. Ba- 
sic Patent 
No. 2,000,064. 
Detail Patents 
Pending and 
Allowed. 


The COVER NITE-CAP assures greater effi- 


ciency and longer filter life! 


When NITE-CAP is drawn snugly across filter aperture, 
it keeps filter pads free of dust and adds many hours to 
life of filter pad. Check the following exclusive COVER 
FEATURES: 1—-Filter aperture increased to more than 24 
square inches. 2—Weight decreased to 4 ounces. 3 
U. S. Bureau of Mines approval. 4-—Greater comfort. 
5— Clearer vision—-plenty of room to wear goggles. 6— 
More compact—fits the pocket. 7—Greater audibility 
and drainage. 8—-Dead air space eliminated! Get a 
sample of this unusual respirator at once—see for your- 
self the vast difference in construction and performance. 
Sample postpaid $2.25 (with 2 Nite-cags, $2.35). 


Manufactured only by 


H. S. COVER 


1931 Chippewa Street, South Bend, Indiana 
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ORTON STANDARD 
PYROMETRIC CONES 


For Forty Years 
The American Standard for 


Control of Ceramic Heat Treatment 


THE EDWARD ORTON, JR., 
CERAMIC FOUNDATION 


George A. Bole, D.Sc., Manager 


Laboratories & Office 
1445 Summit Street—Columbus, Ohio 


Product Finish Insurance 


| Pees is satisfaction in knowing that 
the frit you buy is of the finest qual- 
ity and that the service is dependable. 


There is greater satisfaction in know- 
ing that the frit is uniformly fine and that 
the service is consistently dependable. 


When you buy Lusterlite Frit you buy 
product finish insurance. 


CHICAGO VITREOUS ENAMEL 
PRODUCT CO. 
CICERO ILLINOIS 


STERLITE 7 
\ENAMELS 


North Carolina Feldspar 
North Carolina China Clay 
Georgia China Clay 
Georgia Saggar Clay 
Pulverized Saggar Grog 
Broken Saggars 
Broken Bisque & Porcelain 


RICHARD C. SANT 
EAST LIVERPOOL, 
OHIO 


Representing: 

North Carolina Feldspar Corp. 
Carolina China Clay Co. 
Boyd & Sant Clay Co. 
John Sant Company 


HARTFORD-EMPIRE COMPANY 
HARTFORD, CONN. 


Engineers and Licensors 


FEEDERS FORMING MACHINES CONVEYORS 
STACKERS LEHRS 
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Quality 


FRITS 


COLORS 
CHEMICALS 


Stocked for 


IMMEDIATE 
SHIPMENT 


THE 


Quality First Since 


LET OTHERS IMITATE -:- -WE ORIGINATE 


Pacific Coast Agents 


L. H. BUTCHER CO. 


Los Angeles - Salt Lake City - San Francisco - Portland - Seattle 
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THE HOUSE OF HOMMEL 
SUPPLIERS OF ALL CERAMIC NEEDS | | 


(0. HOMMEL co. 
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MONTGOMERY PORCELAIN 
PRODUCTS COMPANY 


SPECIALIZING IN 


Primary Protection Tubes for 
all makes of Pyrometers 


PYROMETER TUBES 


CORUNDUM REFRACTORY PORCELAIN MULLITE } 
SILICON CARBIDE 


you te you a Specialist. 
i. you need yromeler Lubes, 


CONSULT 


MONTGOMERY PORCELAIN PRODUCTS CO. 


FRANKLIN 


OHIO 


Ceramic 
Give 


We Manufacture— 
Pins 
Stilts 
Thimbles 
Spurs 
Saggers 
Crucibles 
Tile for Decorating Kilns 


THE POTTERS SUPPLY COMPANY 


EAST LIVERPOOL, OHIO 


We Sell— 
Ball Clay 
Sagger Clay 
Wad Clay 
Ground Fire Clay 
Bitstone 
Fire Brick 
Imported Paris White 
Domestic Whiting 
Pottery Plaster 
Georgia Kaolin 
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WILLSON BAG RESPIRATORS 
Nos. 300 and 400 (Patent applied for) have 
UNITED STATES BUREAU OF MINES APPROVALS 
A Willson style for every dusty operation in the Ceramic Industry. 
WILLSON PRODUCTS, Inc. Reading, Pa. 


McDANEL REFRACTORY PORCELAIN COMPANY 


Manufacturers of 
PORCELAIN TUBES PROTECTION TUBES 


INSULATING TUBING and BEADS 
BEAVER FALLS PENNSYLVANIA 


THREE ELEPHANT 


REG. U.S. PAT. OFF. REG. U.S. PAT. OFF. 


AND BORIC ACID 


GUARANTEED OVER 99.5% PURE 


AMERICAN POTASH & CHEMICAL CORPORATION 
70 Pine Street, New York 


FLINT 


TALC WHITING 
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H. C. SPINKS CLAY COMPANY 
Miners and Shippers of 
BALL, SAGGER AND WAD CLAY 
NEWPORT, KY. 


Puryear, Tennessee 
August 1, 1937 


Mr. Pete Potter 
Comfortable Sanitary Pottery Mfg. Co. 
Pottsville, Ohio 


Dear Pete: 
Glad to hear you are about to leave for your vacation. I know 


you will enjoy the cool breezes of the lake. 


We clay diggers can’t get away right now. Our system of 
mining and storing during good weather to take care of winter business 
makes it necessary for us to dig clay while the sun shines. We like it 
though, especially with business so good. 


Send us your orders and the CONTROLLED UNIFORMITY 
of SPINKS’ CLAYS will keep things going smoothly while you are away. 


Sincerely, 


General Manager 
H. C. SPINKS CLAY COMPANY 
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METAL & THERMIT CORPO 


ION 120 BROADWAY, NE 


